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To keep pace with Ohio’s dynamic growth, 
the state’s eight investor-owned electric power 
companies will spend three billion dollars in 
the coming decade to double capacity. As 
much new generating capacity will be pro- 
vided in the next ten years as was built in 
the past seventy-five. 

If you are seeking a plant site, these facts 
are important for two reasons. First, this is 
solid indication of the confidence electric util- 
ities have in Ohio’s future growth. Second, 


Koder M. Collison, Director 


State of Ohio, Department of 
Industrial and Economic Development 


7OO Bryden Road Columbus 15, Ohio 


BILLION 





VOTE OF 
CONFIDEN 


in the future of OHIO 
























you can be sure there will be plentiful, de- 
pendable electric power for your industry. 
Today, Ohio’s generating capacity is 10.6 mil- 
lion kilowatts, and this state is the number 
one user of electric power in the nation. 


Additional information detailing vital plant 
site factors is yours for the asking. Send the 
coupon below on your letterhead for two new 
booklets of solid facts: Statistical Abstract of 
Ohio: 1960 and Ohio, The Growth State. 








Please Send: 
[1] Statistical Abstract of Ohio: 1960 
[] Ohio, The Growth State brochure 
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Cmdr. Alan B. Shepard studies instruments 
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HOW FAR INTO 
THE SPACE AGE 


WILL YOUR 
PRESENT 


POSITION 
TAKE YOU ? 


Explorer Vii 


We're living in the space age, an era of accelerating technology in which 
engineering techniques, equipments and materials can become obso- 
lete over-night. For this reason many engineers are today working in 
areas where the prospects for long-term professional growth are highly 
questionable. 


If you are an engineer who has reason to believe that your present posi- 
tion has limited potential we are certain these facts about BROWN 
ENGINEERING COMPANY will be of interest to you. 


Compared with many organizations we are not an old company, neither 
are we a large one. We are however, a growing, fast-moving organization 
proud of our past accomplishments and confident of our future. Located 
in Huntsville, space capitol of the Free World and home of the George C. 
Marshal! Space Flight Center, our activities span the total space tech- 
nology. The varied and stable programs under way at the present time 
include the research, design, development and prototype manufacture 
of items ranging from ground support equipments for Saturn to advanced 
missile circuitry. 


if you are seeking a stimulating, long-term growth position that offers 
generous starting salary and a full schedule of benefits including tuition 
assistance for graduate study, we strongly suggest you investigate these 
immediate openings: 








ENGINEERING PHYSICIST 


M.S. degree. Serve in an advisory capaci 
for research in radar systems, infra-red, 
missile re-entry and down-range instru- 
mentation. 


ELECTRICAL ENGINEERS 
8.S 


. In electrical engineering or physics 
required with minimum 2 to 4 years’ ex- 
perience. 


DATA ACQUISITION SYSTEMS 


Applied use of input signals in strain 
gauges, transducers, digital and pen type 
recorders. 


DESIGN OF ELECTRONIC DEVICES 


Which include power supplies, closed cir- 
cuit amplifiers, servo-systems, etc. 


QUALITY AND RELIABILITY 


In R.F. and microwave telemetry, space 
vehicle guidance, and instrumentation of 
in-flight measurements. 


ENVIRONMENTAL TESTING 


Of missile electronic components, prepare 
test procedures, monitor environmental 
testing and preparation of test reports. 


FIELD ENGINEERING 


For complex closed circuit TV, radio and 
telephone. Should also be responsible for 
maintenance. 


PERT-PEP OPERATIONS RESEARCH 


Engineering graduates with minimum of 
2 years’ experience in the application of 
above techniques related to space-missile 
air systems. Master's Degree and Polaris 
experience heipful. 


MECHANICAL ENGINEERS 


Space and missile background in systems 
analysis, airframes, missile structures and 
generalized mechanical design. 


To Arrange a Confidential Interview 


Salary Requirements to: 


Director of Personnel 


BROW 
Engineeri 


P. 0. Drawer 917 H 


ny, Inc. 
Huntsville, Alabama 
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Rebuttal for ABMA 


To the Editor: 

I realize that you don't want the debate 
to be interminable, but I think it unfair to 
leave Mr. Frank Cameron's letter regard 
ing the twist collimator (M/R, April 17 
p. 9), and his comments regarding ABMA 
without some rebuttal. 

We can all acknowledge the fine work 
being done by Dr. J. G. Gievers with polar- 
ized light in alignment of inertial plat- 
forms, but I know that Dr. Gievers and 
the men at Chrysler would be the last to 
state that there was a lack of interest in 
such devices at ABMA. My employer, The 
Perkin-Elmer Corporation, has been mak- 
ing phased-light, closed-loop optical align- 
ment systems for ABMA and Chrysler 
since 1957 for use on the Jupiter program 
Further, these systems, used in conjunctior 
with the ABMA-spawned ST 90 platform 
and the other components made under the 
close technical guidance of the very cap 
able group at ABMA, have achieved rec- 
ords of accuracy which, while classified, 
are, I think, without equal. 

In our files are letters from Mr. Walter 
Haeussermann dating back to 1956 ex 
pressing interest in the phased-light align 
ment devices, and our initial contract for 
the development of the Jupiter Electro- 
theodolite received in June 1957. 

(Cameron's letter) also implied a lack 
of competence on the part of the group 
in the Guidance and Control Lab at 
ABMA, since it was stated that they didn’t 

. understand the (Gievers) system well 
enough to push its application for the 
Redstone and Jupiter missile systems.” 
Knowing Dr. Gievers, I’m sure he was as 
shocked as we were at this statement. 
There was simply no group in the country 
which was more technically competent 
than were the men in the G & C Lab. You 
have only to ask yourself who put the 
first U.S. satellite in orbit and with what 
missile. 

Joseph C. Dixon 
Ridgefield, Conn. 


Gremlin Department 


To the Editor: 

The editorial in M/R, March 13, refers 
to the fact that “On Aug. 19, man for the 
first time recovered an object from orbit, 
the capsule from Discoverer XIII.” 

On page 19, reference is made to the 
“Recovery of the first object from space 
with the successful retrieval of the Dis- 
coverer XIII capsule on Aug. 11, 1960.” 

It was my understanding that the cap- 
sule from Discoverer XIII was picked up 
out of the water on Aug. 11, 1960 and the 
capsule from Discoverer XIV was recov- 
ered from the air on Aug. 19, 1960. 

It is not the intention of this letter to 
point out a slip in editing, nor in any way 
to belittie the very fine job that Lockheed 
Missiles and Space Division have done. 
Rather, it is to point up the contribution 
that Small Business, as represented by All 
American Engineering Company, made in 


missiles and rockets, May 15, 1961 





this | 
equip 
sible. 
craft, 
suspe 
was < 
factu: 


in th 
equip 
estab! 


looke 
welcc 


with 
Addi 
also 
Wash 
Nov. 
that : 


It’s 
To tl 

N 
issue: 


tryin 
letter 


A 
well 
up ii 
hydr 


miss’ 


this instance by providing some of the 
equipment which made the program pos- 
sible. The recovery equipment in the air- 
craft, including the trapeze-like structure 
suspended from the fuselage of the C-119, 
was designed, developed, tested and manu- 
factured by All American as a system. 
lebate In addition, USAF crews were trained 
air to] jin the operation and maintenance of the 
-gard- | equipment by All American, including the 
il 17. | establishment of pilot and flight techniques. 
BMA Sometimes part of the story is over- 
looked; it occurred to me that you might 
work | welcome this type of comment. 





polar- Charles W. Wendt 

plat- President 

§ and All American Engineering Co. 
oe to Wilmington, Del. 

est in 

. The Reader Wendt is correct in pointing 


mak. | o“f M/R’s typographical discrepancies roRy¥ 
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align- | With respect to Discoverers XIII and XIV. HE LINCOL™ 
rysler | Adding to the confusion, the page 19 story , 
gram. | @so said that the Polaris sub George 
ction | Washington sailed from Charleston on 
fform | Nov. 16. The editorial reported (correctly) 
1c the | ‘hat she sailed on Nov. 15.—Ed. 
cap 


| rec- | Viewport Clarification 


sified, 
To the Editor: 

Valter We certainly are pleased with your 
> ex article, “AF Presses Work on Vehicle Win- 
align dows” (M/R, April 3, p. 22). It is an 
tt for | excellent, comprehensive report on work in 
sctro- | this field. 

You stated correctly that Corning rec- 
lack ; ommends multiple-glazing systems. The 





The Lincoln Laboratory, Massachusetts 
Institute of Technology, announces a 
major expansion in its program. 

We urgently request the participation 
of senior members of the scientific 

















rroup | question is: How many glazings? I think 
b at it might be helpful to add that we believe community in our programs in: 
lidn't | any number of panels more than five is 
well | exorbitant, because of problems of optics RADIC PHYSICS and ASTRONOMY 
* the | and weight that arise. If five glazings 
»ms.” | won't do the job, then we recommend use SYSTEMS: 
as as | of metal shields that can slide over the Space Surveillance 
nent. | viewports when needed, as you reported. 
untry Somewhere along the line we ante ee aan 
etent | have left the impression that we invari- integrated Data Networks 
You | ably recommend resilient cushioning in the NEW RADAR TECHNIQUES 
| the | area of contact between glass and metal. SYSTEM ANALYSIS 
what | This isn’t an invariable recommendation. 
When appreciable temperatures are to be COMMUNICATIONS: 
Yixon | encountered, the flow of heat to and from Techniques 
‘onn the glass through the frame should not 
be impeded by a gasketing materia! that epeneey 
acts as an insulator, as any resilient mate- Theory 
rial certainly would do. INFORMATION PROCESSING 
Arthur F. Shoemaker SOLID STATE Physics, Chemistry, and Metallurgy 
Product Development Coordinator 
efers : er 
the Aircraft and Missiles Group 
bit New Products Division @ A more complete description of the Laboratory's 
Corning Glass Works work will be sent to you upon request. 
Corning, N.Y. 
» the 
Dis It’s More or Less SOP Research and Development 
Oe LINCOLN LABORATORY 
pa ie t. 2 WE end 8 eenitd cod eee Massachusetts institute of Technology 
ithe | issues CTC if I didn’t have to spend SMT BOX 26 
COV- trying to figure out WTH all the code LEXINGTON 73. MASSACHUSETTS 
letters mean. 
r to D. L. Holbrook 
way The Fafnir Bearing Co 
heed Los Angeles 
one. Most such CL’s are either thought to be 
ition well known (TWK?) or spelled out higher 
| All up in the stories. Try putting “magneto- 
le in hydrodynamics” in a headline —Ed. 
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We are proud that the epoch-making success of National 


Aeronautics and Space Administration's first launching of man into space depended, in part, upon guidance 


and control system components under contract to the Ford Instrument Company-and that this confidence 


was justified by the event. 2 FORD INSTRUMENT Co. 


DOIiViSitoNnN OF SPERRY RANC ORF 


31-10 Thomson Avenue, Long Isiand City 1, New York 
Other missile and space ‘‘firsts’’ in which Ford Instrument guidance and contro! components participated: « First operational! ballistic missile 


(REDSTONE) + First successful launching of a Free-World satellite « First successfully recovered nose cone « First recovered simian passengers (Able 
and Baker) + First successful Free-World space probe « First mercury-reostone space vehicle (chimpanzee, Ham) 


ENG NEERING 


Circle No. 8 on Subscriber Service Cord 








The Countdown 


WASHINGTON 


Will JFK Commit Himself to Space? 


Adding more dollars to FY ‘62 space budgets now 
will answer a current political demand. But the question 
being asked in many top offices is whether the President 
will commit himself to an all-out space race with Russia. 
Part of the question will be answered by the way the 
President places the new dollars—whether they merely 
bolster what the U.S. is doing or whether they underwrite 
an all-out program with a directive to move. Part of the 
answer must wait until the FY "63 budget is released. 


Atlas Failures at Vandenberg? 


There is strong evidence that the Air Force may have 
tried secretly to salvo two or more Aflas E operational 
models at Vandenberg and failed. This much is certain: 
Four early Atlas E’s launched at least in a series took 
a considerable time to get off their pads. Also they appar- 
ently were wide of their targets. Difficulties were caused 
by different problems. The shots were unannounced. 


Early Titan Deployment May Be Slipping 


The next underground Titan shot from Vandenberg 
will be from an elevator silo—the first test launching of 
this type in the program. Meantime, plans to deploy the 
first operational Titan I's in elevator silos at Lowry AFB 
this June may have slipped by several months. The Air 
Force now is talking about obtaining an “emergency com- 
bat capability” for Titan “later this year.” All 12 Titan 
squadrons are expected to be deployed by the end of cal- 
endar 1963—exactly one year after all 13 Atlas squad- 
rons are due to be deployed. 


Missiles Help Save Bombers 


The Douglas Skybolt was one of the principal reasons 
the Senate Armed Services Committee approved an extra 
$525 million to keep the Air Force’s jet bomber produc- 
tion lines going. Many members of the committee feared 
that in the late 60's the Air Force would run out of 
enough B-52’s for Skybolts unless more were built. 


Subroc to Join The Fleet 


The first Subrocs are still expected to be deployed 
with the fleet this year, along with their nuclear warheads, 
Later models of the Goodyear sub-launched ASW missile 
will have a dual capability so that they can be fitted with 
conventional warheads in homing torpedoes. Previously, 
there were some reports that the first Subrocs would be 
deployed in the first part of 1961. 


INDUSTRY 
NASA Readies Big Solid Competition 


Within a week or two of getting word that the Ad- 
ministration and Congress will approve it, NASA plans to 
call a bidders’ conference on a big solid-rocket R&D 
competition. Time in this case could be first consideration, 
money second. The program will be under control of the 
Marshall Space Flight Center. 
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47 Targets for Zeus 


General Electric’s MSVD will develop and produce 
47 target-warheads to be launched by Atlas and Titan 
missiles against the Army's Nike-Zeus A-ICBM. Key 
provision in the $10-million contract calls for simulating 
“various combinations of known re-entry vehicle threats” 
—decoys and multiple warheads. Target-warheads will 
have miss-distance indicators. Army already has ordered 
18 Atlases (to be launched by SAC crews from Vanden- 
berg) for the tests now scheduled to start in January. 


R&D Intelligence 


Follow-on contract of $35.8 million goes to Philco 
Corp. for continued development of command and con- 
trol subsystems for the Air Force Discoverer, Midas and 
other space programs. . . . Aerojet-General has test-fired 
successfully a 25-ton, 2-segment solid rocket developing 
160,000 Ibs. thrust, biggest of its type. . . . Balloon sys- 
tem for recovering missile equipment at Mach 10 and up 
to 155,000 ft. altitude (Goodyear’s “Ballute”) will be 
tested soon at Holloman AFB and Eglin AFB. 


Inside Track for Chrysler? 


Redstone’s performance in the MR-3 manned sub- 
orbital flight is expected to improve Chrysler's standing 
in the competition for the Saturn S-II stage R&D con- 
tract. NASA’s Marshall Space Flight Center is known to 
be leaning toward Chrysler on the basis of its previous 
Redstone and Jupiter work. 


INTERNATIONAL 
Polaris Offer to NATO Renewed 


More as a reminder to Russia than anything else, 
the United States is renewing its offer to give NATO five 
Polaris subs (80 missiles). The subs would still remain 
under American control—just a different U.S. commander. 


Russian Bead on the Moon 


A French science writer back from Moscow says the 
Russians will put a 7-to-8-ton “permanent research sta- 
tion” on the moon by the end of the year. He says they 
will use a rocket weighing 600 to 700 tons which will 
be tested this summer. . . . In the U.S., informed ob- 
servers tell COUNTDOWN the Russians might land a man 
on the moon in 1963—without trying to bring him back 
immediately. Object: to lay claim to the moon. Com- 
ments one scientist: “Men have sacrificed their lives for 
far less in the past.” 


Overseas Pipeline 


British are rather disturbed over a U.S. offer to pro- 
vide some boosters to the European Space Club. It could 
kill chances for a Blue Streak-based space industry in 
Britain. . . . Skylark rockets launched from Woomera will 
attempt to take ultraviolet photos of the stars under a 
program financed by the Royal Observatory, Edinburgh. 
.. . The Italian Air Force is ordering Sispre C-7 air-to-air 
missiles into production. . . . There are rumors the Rus- 
sians may fly a high-powered ion engine by 1964. 
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GD Takes to the West 


General Dynamics Corp. is shift- 
ing operating headquarters for 75% 
of its business from New York City 
to San Diego. 

The move is part of the reshuffle 
which eliminates Convair as a divi- 
sion of the company. The enlarged 
San Diego office will direct the activi- 
ties of G-D/ Astronautics, G-D/ Fort 
Worth, G-D/Pomona, G-D/San 
Diego, G-D/Daingerfield, and G-D 
General Atomic. 

C. Rhoades MacBride, previously 
Convair acting president, will head 
the West Coast operation. Convair 
executive vice president August C. 
Esenwein is reported to have resigned 
as a result of the corporate structure 
change. 


Army Confirms Entac Choice 


The Army has made official its 
decision to buy the French-designed 
Entac antitank guided missile. 

The wire-guided missile weighs 
27 pounds, is solid-fueled and carries 
a conventional warhead. Details of 
the procurement program have not 
yet been announced. 


Radio Interference Center 


A tri-service facility aimed at 
analyzing and controlling radio inter- 
ference here and abroad will be 
getting technical support from the 
Armour Research Foundation of Illi- 
nois Institute of Technology under a 
$2-million contract awarded by the 
Electronics Systems Div. of the Air 
Force Systems Command. 

Called the Electromagnetic Com- 
patability Analysis Facility, it will 
have temporary headquarters at ARF, 
where methods for processing and 
analyzing radio interference problems 
will be developed. Later, the center 
will move to a permanent facility 
located at the U.S. Naval Engineering 
Experiment Station, Annapolis, Md. 


Disarmament Comes First 

No secret-sharing or cooperation 
on cosmic flights can be expected 
from the Soviets until the disarma- 
ment problem is solved. 
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Army’s M-55 Chemical Rocket 


NORRIS-THERMADOR CORP. engineer demonstrates angle of launch for Army's 
M-S5 chemical rocket. The solid-fueled rocket actually is fired in salvos of 45 from 
battlefield position. Stabilizing fins, folded to fit in fiberglass shipping-launching tubes, 
open automatically when the rocket is fired. M-55’s are deployed with Army Chemical 


Corps troops in U.S. and overseas. 


Soviet scientist Leonid Sedov in- 
dicated in a Pravda article that a “fa- 
vorable development of international 
relations” would also be necessary. 

Sedov’s statement appeared partly 
to refer to the Kennedy-sponsored 
proposals for some kind of joint 
Russian-American space venture. 


Pluto Reactor Test Due 


The Atomic Energy Commission 
late last week scheduled the first 
power run of the Tory II A-1 reactor 
for the Pluto nuclear ramjet. 

The first run, at a reported level 
of 40 thermal megawatts, was the 
beginning of a series intended to 
demonstrate the feasibility of the sys- 
tem at levels up to 150 thermal 
megawatts. 


Pluto is the propulsion system 
intended for the SLAM (Supersonic 
Low Altitude Missile), an Air Force 
weapon aimed at coming in under 
enemy radar to avoid detection. 


Shots of the Week 


At the Cape: An Air Force Blue 
Scout rocket carrying almost 400 Ibs. 
of radiation sensing equipment and 
instrumentation swerved out of con- 
trol soon after launch and was de- 
stroyed. The shot, first failure in six 
for the Blue Scout, would have taken 
it 1000 miles into space. 

The Navy scored a “100% suc- 
cess” on a land-pad firing of an ad- 
vanced Polaris missile. The 1600-mile 
flight proved out components of the 
improved guidance system. 
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A half-billion to start... 


Big Space Spending Increase Studied 


PRESIDENT KENNEDY this 
week considered plans that would give 
the nation’s space program possibly 
more than a half-billion-dollar shot in 
the arm. 

If approved by the White House and 
Congress, the increases could open the 
way for a multi-billion annual effort 
over the next decade. 

Division of the proposed increases: 
From $300 million to $500 million for 
NASA, from $90 million to $150 mil- 
lion for the Air Force. 

Moreover, the White House was 
expected: 

—To ask Congress for some addi- 
tional money for AEC space work. 

—Possibly to authorize the Air 
Force now or within the next few 
months to spend FY '62 money already 
requested at a faster rate. The differ- 
ence would then be made up in a sup- 
plemental request in January. 

e “Earth can be dominated”—<As 
the President weighed various proposals 
for a speed-up, the Senate Armed Serv- 
ices Committee released grim, secret Air 
Force testimony on the Soviet military 
threat in space 

Air Force Secretary Eugene M. 
Zuckert told the committee on April 11: 


“The United States and the Free World 
must insure that the means of earth 
domination inherent in space mastery be 
not pre-empted by the enemies of free- 
dom. . . . The lesson is that through and 
from space, earth can be dominated.” 
Gen. Thomas White, Air Force 
Chief of. Staff, told the committee the 
same morning: “It is particularly sig- 
nificant that Soviet efforts in the military 
exploitation of space have an extremely 
high priority. Apart from their lunar 
probes of 1959 and their recent probe 
directed at Venus, Soviet exploration of 
space has been concentrated on the near 
earth region—the logical area for the 
near-term expansion of military aero- 
space power. 
“For example . . . (security deletion) 
. the Soviets could launch a large 
space platform—truly a major rung in 
the ladder of the achievement of effec- 
tive space weapon systems. There also 
are many indications that they may put 
a man in space in the very near future.” 
Soviet Cosmonaut Yuri Gagarin was 
launched into orbit the following day. 
e Where it may go—The lowest 
public estimate on how much more 
money would be requested for space 
programs by Kennedy came from Sen. 


Robert S. Kerr (D-Okla.), chairman of 
the Senate Space Committee. He esti- 
mated a 20-to-25% increase over the 
$1.2 billion budget originally proposed 
for NASA by the Kennedy Adminis- 
tration. 

However, informed sources put the 
NASA figure closer to $500 million. 
They also said the Air Force would 
receive about $100 million to possibly 
$150 million and additional funding 
would go to the AEC. 

One usually informed source put the 
figures flatly at: $509 million for NASA 
and $91 million for the Air Force. 

It was not immediately clear where 
the White House planned to spend the 
additional money. However, propulsion 
and man-in-space projects were consid- 
ered to be the most likely areas. 

NASA and AEC’s Rover, the 
nuclear-powered rocket engine, might 
receive $50 million or more to speed 
the R&D program and possibly begin 
a second approach. NASA’s Apollo pro- 
gram might receive as much as $75 
million in an attempt to launch a three- 
man spacecraft into orbit by early 1965. 
Both NASA and the Air Force's solid- 
propulsion studies might receive a total 
of from $25 to $50 billion. 3 


Goldberg Ready to Move Against Work Stoppages 


THE KENNEDY Administration—needled 
by fresh exposures of missile base construc- 
tion mismanagement—is expected finally to 
take executive action to prevent further delay- 
causing work stoppages by labor unions. 

Labor Secretary Arthur J. Goldberg is ex- 
ploring some approaches which would re- 
quire unions to take no-strike pledges. He 
could: 

—Set up a labor-management committee 
that would take care of jurisdictional disputes 
and handle questions between missile con- 
tractors and unions in the manner of media- 
tion committees which dealt with airline and 
railrood disputes earlier this year. 

—Establish an even more potent nine-man 
pone! similar to the old War Labor Board of 
World War I. 

Meantime, Defense Secretory McNamara 
has told the Air Force to stiffen its spine in 
dealing with union demands that have ovut- 
raged Senate investigators. 

The flurry of action, however, was largely 
a barn-door-closing affair. Most of the dam- 
age to the Atlas and Titan base-building pro- 
grams occurred in 1959 and 1960 under the 
Eisenhower Administration, which tacitly re- 
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fused to use its executive powers to move 
against wildcat strikes. The most that could 
be hoped for now was that similar work 
stoppages could be avoided in the Minute- 
man base-building program. 

Strikes at the pads have declined sharply 
this year—chiefly as a result of improved Air 
Force-contractor management policies insti- 
tuted last fall and through pressure exerted 
by industrial union chiefs on their locals. 
Figures presented to the Senate's Permanent 
Investigating Subcommittee showed that 327 
strikes occurred at 22 missile bases during the 
past 41/2 years, causing a loss of 162,000 man- 
days of work. One third of the loss occurred 
at Capt Canaveral. 

There was testimony from B. G. MacNabb, 
operations chief for General Dynamics/Astro- 
nautics at the Cape, that the whole missile 
and man-in-space program had slipped six 
months because of low worker production. 
MacNabb said the trouble was not only 
attributable to workers seeking to prolong 
high-paying jobs, but to “lack of decision” 
by the Government, DOD and “our own 
management.” 

Douglas V. Dorman, vice president for in- 


dustrial relations of The Martin Co., charged 
the unions with responsibility for delaying 
both the Titan base-building and missile R&D 
programs. He said union rules against using 
prefabricated electric cables for GSE are 
upping the cost of Titan squadrons by $3.6 
million. 

@ Countercharge—The chief of the AFL- 
ClO Building Trades Department, C. J. Hag- 
gerty, countered that the major delays in the 
missile base programs were caused—not by 
organized labor—but by the “inordinate 
number of (engineering) change orders result- 
ing from the concurrency policy.” He said 
the unions have voluntarily taken action to 
stop ‘unauthorized, irresponsible and unjusti- 
fied" strikes. 

Predicting speedy action by President Ken- 
nedy, Goldberg refused last week to say 
whether the man-in-space program had been 
affected. (NASA officials contend their Mer- 
cury schedule, which has slipped repeatedly, 
has not been hampered by labor troubles.) 
Goldberg added: 

“| don't want to make a scapegoat of any- 
one. We need a greater sense of urgency on 
the part of all elements in the missile effort.” % 
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Special Report 


MR-3 Proves 
Man Is Most Reliable 
Space Machine 


Suborbital success wins worldwide applause; second 
Redstone shot—probably with Glenn—next on schedule 


by Jay Holmes 


THE MAN performed more reliably than the machines. 

This is the technical significance of Mercury Redstone 3, America’s 
first space flight, a brief suborbital mission in which Astronaut Alan B. 
Shepard Jr. flew to an altitude of 115 statute miles and 302 miles down 
the Atlantic Missile Range from Cape Canaveral. 

There were malfunctions in the rocket and the Mercury capsule. There 
were troubles in telemetry, an inverter and in a computer 1000 miles 
away that delayed the liftoff two hours and 34 minutes from the scheduled 
time May 5. 

But there were no malfunctions in Alan Shepard, a computer of far 
more advanced design than anything yet developed by science. 

Next in Project Mercury will be a second manned Redstone flight prob- 
ably near the end of June. The pilot is expected to be John H. Glenn, 
Shepard’s backup. 

In the next few weeks NASA also will try once more to inject an 
unmanned capsule into orbit and recover it after a single cycle. The last 
attempt with a Mercury Atlas failed on April 25. 

Shepard’s flight scored welcome psychological and political gains for 
the Kennedy Administration, coming as it did after the orbital flight of 
Russia’s Yuri Gagarin and foreign policy reverses in Cuba and Laos. How- 
ever, it did not affect the timing of the first U.S. manned orbital flight, 
which is scheduled for late this year but may still slip into 1962. 

¢ Publicity payoff—Conducted in a glaring spotlight of publicity, the 
shot was a gamble which paid off handsomely. In contrast to the secrecy 
surrounding the Soviet shot three weeks ago, the United States by its wide 
open press coverage picked up the plaudits of the free world. 

NASA officials—brushing aside pre-launch adjurations against massive 
publicity—let it be known that all future space launchings will likewise 
be open to the press. 

This will mean a continuation of NASA’s policy of extreme caution 
and step-by-step pace, since every time the U.S. sends a man in space the 
country’s prestige will be riding with him. 

The caution showed itself in the long, methodical series of tests that 
were conducted on the capsule and the Redstone rocket. Shepard gave away 
an open secret when he told a post-flight press conference Mercury could 
have put a man into a suborbital space mission ahead of Gagarin. 

NASA Space Task Group chief Robert R. Gilruth certified in March 
that the capsule was ready and recommended immediate flight. But Dr. 

(Continued on page 16) 
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FLOODLIGHTS cast an eerie glow in pre-dawn darkness as Shepard steps 
into gantry for ride to Mercury capsule. 


Highlights of Shepard'jm 





= 
LEFT: Shepard enters 

gantry carrying his port- 
able air-conditioning unit 


He is followed by Mercury 


Dr. William K. Douglas 


MAY 5, 1961, Alan B. Shepard's T 
big day, began when he was awakened | ment 
in Hangar S at the north end of Cape | views 
Canaveral at 1:30 a.m. ard 

After a shower, breakfast and a retrie 
medical examination, he began putting | aboa 
his pressure suit on at 3 and at 3:59 flight 
Shepard left the hangar to enter a special | 5 
transfer van, waited there a while and | ‘ 
then traveled four miles to Pad 5, about | bit 
a mile south of the point of the Cape. |  '& 
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COMING UP—Astronaut holds onto line from helicopter as he is hauled 
from his capsule after 15-min. flight. 
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LEFT: A view from the capsule as it descended. 
A small parachute carries the main-chute container 
away after the chute broke out. 





d'‘imooth Trip 


ird’s These pictures show other big mo- 
‘ned | ments in the day—entering the gantry, 
‘ape | views from the capsule in flight, Shep- 

ard climbing into the helicopter that 
d a | retrieved him, examination by doctors 
ting = aboard the carrier Lake Champlain, and 





BEAUTIFUL VIEW seen by Shepard through 
periscope. 


a flight to Grand Bahama Island. 

cis 

aaa Shepard says he’s now ready for 
rout | Orbital flight—when the Atlas booster 


ape. | is ready. 
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PRONOUNCED FIT—Drs. Robert Laning and Jerome Strong examine Shepard aboard HAPPY ASTRONAUT laughs during 
aircraft carrier USS Lake Champlain. They found no ill effects flight from Champlain to Grand Bahama. 
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(Continued from page 13) 


Wernher von Braun, whose Marshall 
Space Plight Center modified the Red- 
stone for the Mercury mission, refused 
to certify that the Redstone was ready. 

U.S. intelligence had received strong 
indications in March that Russia was 
ready for a manned flight. Russia had 
returned a spacecraft from orbit once 
on March 12. Nevertheless, the U.S. 
government approved Von Braun's rec- 
ommendation of another Redstone de- 
velopment flight, which took place 
March 24. Russia on March 25 repeated 
its performance of March 12. 

Only after the Redstone shot was 
Gilruth given authority to schedule a 
manned flight. Before doing so, he had 
to give the three Redstone astronauts a 
series of final centrifuge tests, conduct 
air-drop tests to prove out the capsule 
landing bag and check out the capsule 
escape system with a Little Joe flight. 

The Little Joe flight was necessary 
because, in a March 18 test of the 
escape system, the rocket fired prema- 
turely and sequencing of the system 
was faulty. However, despite the early 
firing, the system operated under more 
severe conditions than could be antici- 
pated in a Redstone-boosted flight. The 
repeat firing, which took place April 28, 
just a week before the manned flight, 
proved out the system under loading 
greater than that anticipated for Atlas- 
boosted orbital flight. 

e No Monday quarterbacks—In a 
statement at the start of his May 8 press 
conference, Shepard said the astronauts 
are “very proud of the manner in which 


the program was planned from the start, 
in which certain tendencies to speed up 
at times because of other events were 
carefully considered, evaluated, some- 
times were taken and sometimes were 
discarded.” 

When asked whether the Redstone 
could have flown him ahead of Gagarin, 
Shepard replied. 

“The answer to that is yes. We 
could have. We could have gone a lot 
earlier. . . . All of us who are here on 
the stage now are in—were in and are 
in—complete agreement with the way 
this program is laid out. There were 
times when we could have rushed the 
program. We chose not to.” 

Asked why, Shepard said: 

“Primarily, because we had a well- 
laid-out, well-designed, reliable pro- 
gram, and I think possibly you know 
that we have been, that this view has 
been substantiated several times by vari- 
ous committees.” 

Asked whether the approach had 
been too cautious, Shepard commented: 

“Well, it’s always easy to look back 
on Saturday's game on Monday morn- 
ing. It's very difficult to make decisions 
ahead of time. I think that Mr. Webb 
and Mr. Gilruth, as well as I, have been 
satisfied with the progress of Mercury. 
We have speeded up in areas of which 
you are not aware, and the general 
directive was to go when ready, and 
we did.” 

What were the technical accomplish- 
ments of MR-3? The three major test 
objectives were achieved. They were 
familiarizing a man with a brief space 





Kennedy Rebuttal 


(Editor's Note: Last week, MissiLes 
AND Rockets editorially criticized the 
Administration for the publicity buildup 
which turned the suborbital Mercury 
shot into a circus, pointing out the effect 
a failure would have had on world 
opinion as a result. The following tran- 
script is from President Kennedy's May 
5S press conference.) 


Q.—Mr. President, were you satis- 
fied with the coverage given today of 
the space shot. . .? 

A.—Well, I agree that if it had 
failed, having had some experience with 
that, it would be a very difficult time 
for NASA and for us all. But fortu- 
nately, it succeeded. 

I have not got the answer, however, 
to the question of the buildup. What I 
think is somewhat unfair is when press- 
men themselves—editorial writers— 
criticize NASA for attempting a big 
buildup with all of the implications it 
would have to our prestige and standing 
if there's a failure. 

We are not responsible. At least 


we're making every effort not to be 
responsible for encouraging a press con- 
centration of this event, because quite 
obviously if we fail we're humiliated 
here and around the world. But in a 
free society if a newspaperman asks to 
be represented and to come then he can 
come. 

So I think everybody ought to 
understand that we're not going to do 
what the Russians did or be secret and 
just hailing our successes. 

If they like that system they have 
to take it all, which means that you 
don't get anything in the paper except 
what the government wants. But if you 
don't like that system, and I don’t, then 
you have to take these risks and for 
people to suggest that it’s a publicity 
circus, when at the very same time 
they're very insistent that their reporters 
go down there, does seem to me to be 
unfair. What is fair is that we all recog- 
nize that our failures are going to be 
publicized as well as our successes and 
there isn’t anything that anyone can do 
about it or should. 
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flight, evaluating his ability to perform 
useful functions during all phases of the 
flight, and studying his physiologica! 
reaction during the flight. 

® Control not essential—Shepard 
passed with flying colors on all three 
counts. It is true that Yuri Gagarin, by 
Soviet account, also passed muster on 
his familiarization, physical reaction 
and emotional response to a much more 
rigorous flight. No one in a responsible 
position in the U.S. government seri- 
ously doubts that Gagarin did fly around 
the earth once April 12. 

But the information is of virtually 
no value to the U.S. or anyone else in 
the world. Russia has told very little 
about the design of the rocket, the cap 
sule, the telemetry or the stresses its 
pilot withstood. If the U.S. is to obtain 
such information, it will have to obtain 
the information by its own efforts. 

In one minor aspect Shepard's brief 
flight may have been superior to Gaga- 
rin’s. Shepard took over pitch, roll and 
yaw control of the spacecraft attitude, 
first as an exercise and later to position 
the craft for retrorocket firing. Gaga- 
rin’s capsule had manual controls, but 
the Soviets did not say if he used them. 

Gilruth reported that Shepard fired 





the retros at an attitude within 5° of 
the angle—blunt end facing 34° above 
the horizon—required for manual-con- 
trolled re-entry from orbit. If he can 
do anywhere near as well on an actual 
mission, he will have no trouble getting 
back from orbit. 

The retrofiring and positioning were 
not essential to the success of the mis- 
sion. The Mercury capsule’s aerody- 
namic stability would have kept in a 
blunt-end-forward attitude even if Shep- 
ard had failed to control it properly. 

In addition, an automatic stabiliza- 
tion and control system devised by 
Minneapolis-Honeywell was available to 
back up the pilot. Further, some control 
was possible from the ground. 


e@ Busy astronaut—On re-entry from 
orbit, however, aerodynamic stability is 
not sufficient because of the intense heat 
developed. Only the ablation-type re- 
entry heat shield is capable of with- 
standing re-entry temperatures. The 
Haynes Stellite nickel-cobalt afterbody 
withstands a relatively high tempera- 
ture—but nothing like re-entry tempera- 
ture for more than a second or so. 

Shepard was a busy man during the 
15-min. flight. On liftoff, he reported 
that the clock had started. A _half- 
minute later, he reported that the con- 
trol system fuel supply was working, 
acceleration was 1.2 g’s, cabin pressure 
was 14 psi and the oxygen supply was 
working. He made four more reports 
of conditions, including battery poten- 
tial of 24 volts on the main bus and 29 











(Continued on page 43) 
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Becial Report 


Redstone’'s Years 


TWO YEARS LATER 


by James Baar 


ONE OF THE most heartbreaking 
stories of the Missile Age has come to 
an end and hardly anyone has noticed. 

The hero of the story is a 69-foot 
missile called Redstone. 

Equal billing goes to the missile’s 
principal creator, Dr. Wernher von 
Braun. 

The official story of Redstone begins 
in 1951 when Von Braun and his mostly 
German team of rocket engineers and 
scientists were directed by the Army to 
begin deyeloping the missile. 

Essentially the Redstone was an ad- 
vanced version of the old German V-2 
which Von Braun and his team had 
built during World War II at the secret 
rocket center at Pennemiinde. 

Redstone was a far better missile 
and could carry much larger warheads. 
But technically the V-2 and Redstone 
were very closely related. And both 
were designed to strike targets at ranges 
up to about 200 miles. 

The test program was a great suc- 
cess. In all of the R&D flights there 
were only two out-and-out failures. By 
1954, Army officials and Von Braun 
were proposing that Redstone be used 
to launch a small earth satellite. The 
plan came to be called Project Orbiter. 


© Out to pasture—lIt was rejected. 
Instead, the Navy in 1955 won approval 
of its ill-fated Project Vanguard satel- 
lite proposal. 

The Army persisted. On Sept. 20, 
1956, a Redstone carrying two solid- 
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Wernher von Braun watches in blockhouse at the Cape as 


propelled upper stages was launched 
from Cape Canaveral. The missile 
hurled an 84-lb. payload 3300 miles 
down the Atlantic Missile Range. If the 
same multistage missile had been given 
a fourth stage—as it could have been— 
a small man-made satellite could have 
been placed in orbit. 

However, Redstone scored no points. 
The Army was ordered not to repeat 
such flights. 

Redstone was put out to pasture in 
the space race. 

Almost precisely one year later—on 
Oct. 4, 1957—Russia launched Sputnik 
I into orbit and became the first nation 
to put a man-made satellite into space 
Sputnik I weighed 184 Ibs. 

Less than a month later—on Nov. 
3—Russia launched Sputnik II carrying 
Laika, the first space dog. Sputnik Il 
weighed 1120 Ibs. 

© Moment of glory—During the 
growing panic at the top levels of the 
Administration, the Army was asked 
what it might do. The result was that 
Redstone was recalled from pasture to 
back up Vanguard. 

On Dec. 6, a test version of Van- 
guard died in flames a few feet above 
a Cape Canaveral launching pad. On 
Jan. 31, 1959, a Redstone with three 
upper stages comprised of solid-propel- 
lant rockets roared from the Cape with 
Explorer I on its nose. America’s first 
satellite was in orbit. It weighed 30.8 Ibs. 

Redstone might have other triumphs, 
but little could compare with this one. 
Explorer I might have weighed only 








of Frustration 





Mercury Redstone-3 liftoff approaches 


one-sixth of Sputnik 1, but all America 
felt that the nation was back in the 
space race and Russia could be bested. 

It was generally agreed that the next 
great goal was to put a manned satellite 
in orbit. Optimism was widespread 

Von Braun and Army officials pro- 
posed that as a starter the United States 
put a manned capsule on top of a Red- 
stone and launch it down the Atlantic 
Missile Range. The capsule would soar 
to an altitude of about 150 miles. The 
American inside would experience about 
six minutes of weightlessness. He would 
also be the first man in space. 

Von Braun testified before Congress 
in the spring of 1958 that he could 
launch the first man into space with a 


Redstone within one year “from the 
word ‘go.’” 
@ Overruled—One of the principal 


opponents of the plan was Dr. Hugh 
Dryden, then head of the National Ad- 
visory Committee for Aeronautics and 
now Deputy Administrator of NASA. 
He said such an experiment “is not of 
very much greater value than the shoot- 
ing of a lady out of a cannon.” 

Von Braun told Congress cuttingly 
“Some people have taken the position 
that it would be nothing but a stunt 
But we were told the same thing when 
back in 1954 we first suggested a mini- 
mum satellite with the Redstone missile.” 

He also stated at another point that 
had he been permitted to begin the 
Redstone program in 1946 he could 


(Continued on page 44) 
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Communications Troubles Were Few 


FLIGHT 290 MILES 
TIME ~15 MINUTES 








BURNED-OUT 


‘MERCURY’ 











OPERATION of the elaborate and 
complex Mercury communications sys- 
tem was “about as expected.” 

Voice communication between the 
capsule and ground control was gener- 
ally satisfactory except for a brief 
period just prior to re-entry. At this 
point, capsule acknowledgement of 
main chute opening was lost in noise. 
Shortly thereafter, ground communica- 
tion was shifted to Grand Bahama and 
remained satisfactory for the rest of 


the mission. 
Ultrahigh-frequency channels were 
used throughout the flight. Shepard 


shifted briefly to high-frequency for a 
checkout, then back to UHF. The point 
at which communications were lost was 
at a range of about 300 miles from 
Canaveral—near the limit for the UHF 
channel. In an orbital flight, as in the 
“lob-shot,” UHF will be the primary 
system and HF will serve as back-up. 

First reports indicate that tele- 
metered channels were received well 
throughout the flight. Troubles were en- 
countered with one of the four EKG 
channels in the original countdown on 
Tuesday, but this was considered minor 
and did not hold the launch. Repairs 
were made during the weather delay and 








Project Mercury Communications 


all channels were in operation for the 
Friday flight. 

@ Voice plus telemetry—Mercury 
communications—one of the most ad- 
vanced and complex systems ever built 
to serve one program—includes both 
voice and telemetering links. Built by 
Collins Radio, it includes ground-com- 
mand systems for the sequencing 
mechanisms, instrumentation telemetry, 
tracking beacons, voice and home re- 
covery radio. Command receivers in the 
capsule receive and decode ground 
command signals to activate various 
controls signals. 

Telemetry transmitters provide 
ground stations with coded instrumen- 
tation information about the capsule 
and its passenger. Radar transponder 
beacons on two radar frequencies pro- 
vide a strong return for ground tracking 
stations. Recovery beacons, combined in 
a single unit but operating on two fre- 
quencies, assist recovery craft in locat- 
ing the capsule. 

For voice communications, a 
“switchboard operator” in the control 
center monitors several radio channels 
to the astronaut within the capsule and 
picks the best to feed to another astro- 
naut serving as “capsule communicator” 


in the operations room. The voice sys4 
tem was checked out in at least tw 
previous missions with tape recorder 
which transmitted voice tapes back 
from the capsules to test phonetics and 
reception. 

e@ Tracking in reserve—Only a par! 
of the world-wide network of tracking 
stations established for the Mercur 
Atlas orbital mission was used for th 
Mercury Redstone flight. 

The principal base of the global net 
work at Canaveral is supported by two 
stations operated by Radio Corporation 
of America for regular instrumentatior 
and tracking on the Atlantic Missik 
Range—on Grand Bahama and Grand 
Turk Island—and by an additional 
tracking site and control center in 
Bermuda. 

Beyond Bermuda, in mid-Atlantic, < 
ship with special equipment is used to 
keep in voice contact with the Mercury 
vehicle as it passes overhead. The ship 
also has telemetry antennas to receive 
signals from the. capsule and single- 
sideband radio and teletype links to 
maintain communications with the rest 
of the network. 

Then, in succession, there are track- 
ing stations with varying equipment at 
the following locations; Grand Canary 
Island, off the west coast of Africa; 
Kano, in Nigeria; Zanzibar, off the east 
coast of Africa; another ship in the 
Indian Ocean; two Australian locations 
at Muchea and Woomera; Canton 
Island, in the South Pacific; Kauai, in 
Hawaii; Point Arguello, Calif. Guaya- 
mas, Mexico; White Sands, N.M.; Cor- 
pus Christi, Tex.; Eglin AFB, Fla.; and 
finally NASA’s Goddard Space Flight 
Center, Greenbelt, Md. 

In addition to providing voice com- 
munications with the capsule, all of the 
stations except Goddard are equipped 
either to track the flight or to receive 
telemetry data on progress of the flight 
and condition of the capsule and astro- 
naut. Many stations can do both. 

This data is transmitted by standard 
communications channels—tradio, land- 
line and submarine cable—to the God- 
dard center. Here the data, already 
translated automatically into computer 
language, is processed. From Goddard, 
the data is flashed to the Canaveral cen- 
ter to be fed into the operations room 

The operations room includes a 
40-ft. map of the world, with colored 
rings indicating the tracking stations and 
an indicator to show the location of the 








Mercury vehicle at any given moment. % § 
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Special Report 





Materials Met Test 
All the Way—As Expected 





SEAM-WELDING capsule cones follows positioning spot-welding. Approximately 24,500 


inches of seam-welding is performed on each Mercury vehicle 





OVERLAPPING EXTERNAL SHINGLES are visible during the fabrication of the 


Mercury capsule. Min-K insulation is seen along the tops of the ribs 


chamber is at right center. 
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STRUCTURAL and protective ma- 
terials used in the Freedom 7 Mercury 
capsule functioned perfectly—to no 
one’s surprise. 

Months and years of painstaking 
quality control went into every square 
inch of the capsule. Each component 
in the structure was thoroughly checked 
out long before capsule construction, 
and after. 

Thus the Mercury capsule does not 
represent current state of the art in 
titanium, nickel alloys, heat shields and 
insulation. 

Over 18 months ago the first saucer- 
shaped beryllium disc was successfully 
hot-pressed by Brush Beryllium Co. 
Alcoa used a 50,000-ton press to reduce 
the billet to an 80-in.-diameter disc, 
3 in. thick. Brush then machined the 
heat shield to its final configuration. 

The beryllium shield is being used 
only on Redstone launches. For the 
Atlas orbital shots, an ablative heat 
heat shield developed by Cincinnati 
Testing Laboratory will replace it. Exact 
composition of the ablative shield is 
classified, but it is known to be a lami- 
nated glass-resin structure. 

The primary structure of the capsule 
is fabricated from titanium. The inner 
skin consists of two layers of 0.010-in. 
titanium welded together. The 0.020-in. 
outer titanium skin is corrugated to a 
rigidity equal to a skin thickness of 
0.050 in. Titanium Metals Corp. of 
America supplied the metal. 

McDonnell engineers perfected a 
method of fusion-welding the thin 
sheets to titanium structural members, 
using fixtures that provided inert-gas 
shielding on both sides of the weld. Weld 
strengths exceeded base-metal strengths. 

Thermal insulation in the capsule 
involved Johns-Manville Min-K 1301 
enclosed in stainless foil and 3 densities 
of Thermoflex RF felt. Choice of par- 
ticular insulation depended upon loca- 
tion and anticipated temperatures. 

Through thermal paths to the Astro- 
naut’s area were eliminated with a com- 
bination of Thermoflex on the 24 struc- 
tural ribs and Min-K at the connecting 
joints of each rib. 

The outside of the capsule is covered 
with shingles of nickel-cobalt alloys de- 
veloped by Haynes Stellite Co., Division 
of Union Carbide. The same alloys have 
been used in certain supersonic aircraft 
applications, but the exact nature of 
its composition is believed classified. 
Haynes spokesmen say the alloy is easily 
worked into the required shapes. 

Winchester-Western Division of Olin 
Mathieson developed the explosive bolts 
used throughout the Mercury system, 
and Artra Aluminum Foundry & Mfg. 
Co. supplied the casting components. 

Freedom 7 had a round glass view- 
port developed by Corning. Later cap- 
sules will use a rectangular port. 3 
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miles down the Atlantic Range, Aid) 
| General Electric silicone rubber(will : 
ee oe help keep him afloat 


me . . . A 
Sixteen and a half minutes after its first manned 

ching, NASA’s blunt-nosed Mercury spacecra 
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recovery. To help protect the first American astro- 
naut, the Mercury spacecraft is completely sealed 
with General Electric RTV silicone rubber — the 
new liquid rubber designed to keep the spacecraft 
air and water tight even after being subjected to 
the temperature extremes encountered during take- 
off, flight and re-entry. 


McDonnell Aircraft Corporation, prime contrac- 
tor for the Mercury spacecraft, applies RTV around 
rivets and bolts wherever structural material, re- 
quiring sealing, overlaps or butts together. Able to 
cure at room temperature, versatile General Electric 
RTV silicone rubber has found a wide range of uses 
in missiles and ground support equipment. 
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Potting and encapsulating materials protect Missile wiring harness, above, is from the Titan pro- Silicone rubber gaskets and seals give long 
delicate electronic parts. Clear LTV, _ pulsion system. G-E silicone rubber wire insulation _ life, heat resistance, and low temperature 
shown above, is transparent even in sec- maintains good electrical properties over wide flexibility in many missiles and space ve- 
tions several inches thick. RTV liquid temperature extremes. Jacketing of high-strength hicles. Applications range from nose cone 
silicone rubber encapsulants and clear silicone rubber, plus breakouts and junctions gaskets to tiny Seelskrews and Hexseals, 


LTV all exhibit excellent electrical prop- molded from RTV were chosen for their insulating by Automatic and Precision Mfg. Com- 
erties, resist shock, vibration, ozone, plus _ properties, resistance to temperature extremes and pany, which combine fasteners with sili- 
corona and other environmental hazards. stability in storage. cone rubber seals for easy assembly. 


For full information on General Electric RTV silicone rubber, clear LTV silicone 
compound, and fabricated silicone rubber parts, write: General Electric Company, 
Silicone Products Dept., Section 0544, Waterford, New York. 
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ASTRONAUTICS 
Satellite TV Within Ten Years 


Live television broadcasts on a global basis will be a 
reality within the next decade, says the chief engineer of 
General Dynamics/ Astronautics. He predicts such broad- 
casts from 24-hour satellites launched by Atlas-Centaurs. 


Fly Now; Pay Forever 


Figured on the basis of current costs, a ticket for an 
earth-orbit space flight for a 150-lb. man would cost 
$150,000-$450,000. And the fare would include no baggage 
and no meals. But an Aerojet-General executive says using 
recoverable boosters could cut the cost to about $300. 


Groundwork Laid for Interstellar Travel 


An Interstellar Research Foundation has been organized 
to “stimulate thought and scientific research” on efficient 
methods for interstellar travel which would not involve 
rockets (or similar mass-reaction devices), and for inter- 
stellar communications. 


lon Source for Space Engine Operates 


A 6l-beam ion source being developed for deep-space 
engines has run for 175 consecutive hours without failure. 
The Electro-Optical Systems device produced three milli- 
pounds of thrust. I,, is around 8000 sec and efficiency 
about 65%. Goal is to reach this efficiency at lower I, 


ELECTRONICS 


Seismic Instruments Locate Missile Impacts 


Army scientists are studying the use of seismic instru- 
mentation for detection and precise location of missile im- 
pacts. Feasibility of using existing oil-exploration methods 
for this purpose will be researched by Dresser Industries 
S.1.E. at White Sands Missile Range, N.M 


Big Electronics Market Increase Seen 


Military electronics will be a $10.5 billion business by 
1970, a General Electric executive predicts. Pointing to a 
350% increase in four major electronics categories in the 
last 10 years, Dr. George Haller said that medical and space 
electronics will be major factors in the predicted increase. 


How Good Is Electronic Cooling Equipment? 


Effectiveness of present methods for cooling electronic 
equipment—and the penalties in size, weight, and power 
requirements—is being studied for the Navy by Motorola. 
Primary objective is to establish evaluation techniques and 
standards to measure thermal design advances. 


Lost: One Field Radio 


Predicted advances in miniaturization will make the post- 
1970 soldier’s equipment so small that finding it will be his 
problem rather than carrying it. According to Gen. George 
Decker, Army Chief of Staff, such advances will eliminate 
nine-tenths of the soldier's load. 


Technical Countdown 





SUPPORT EQUIPMENT 


Hercules Sites to Get Hipar Radar 


Installation of new high-powered radar is scheduled for 
Nike-Hercules sites in the near future. The GE radar—10 
times more effective than present operational equipment- 
was proved out last year in successful kills of a Corporal 
and two other Hercules. 


World's Brightest Light Source Developed 


A new xenon lamp developed for the Army is two to 
three times brighter than the sun. The lamp’s radiating 
xenon plasma reaches a temperature of 15,000°F. Described 
as the world’s most powerful, the eight-kilowatt light source 
is expected to have space and commercial application in 
addition to military uses. 


Range Ship Contracts Still Not Let 


The Air Force has still not awarded contracts for instru- 
mentation of two new Atlantic Missile Range MARS ships 
Heavy competition for the estimated $50-million job has 
reportedly narrowed down to about four possible primes 
The award—which has to run a gamut of approval through 
AFSC, AF headquarters, and Gen. Yates DOD R&E 
office—will probably come about June 1. 


Fuel Cells for Submarines 


The Navy is seriously considering fuel cells for sub- 
marine propulsion. A current contract ($764,000) with 
M. W. Kellogg Co. calls for design, development, manufac- 
ture, and test of a prototype sodium amaigam-oxygen plant. 
Informed sources say several other contracts have been let 
recently or are imminent 


ADVANCED MATERIALS 


Vapor System for Storable Fuels 


A vapor combustion system that facilitates the handling 
and loading of storable liquid fuels and eliminates the need 
for ground disposal has been developed by Avien, Inc. The 
system has been incorporated into the Titan II missile 


Ozone Formed by Gamma Radiation 


A National Bureau of Standards study into the formation 
of ozone by gamma radiation in several liquid and solid 
oxygen mixtures has developed an interesting offshoot—the 
high amount of ozone formed in liquid nitrogen. The nitro- 
gen is often slightly contaminated with oxygen, and gamma 
radiation converts a disproportionately high amount of this 
to ozone. The Bureau says that irradiated nitrogen should not 
be completely evaporated from its container because of the 
explosion hazard. 
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space systems 








by William Beller 


A SYSTEM of 10 commercial satel- 
lites receiving and transmitting commu- 
nications on a global basis could be 
operating in 1965. ; 

A demonstration communications 
satellite could be in orbit in little over 
a year. 

All that is needed for these events 
is authorization from the Federal Com- 
munications Commission. This is the 
contention of General Electric's newly 
formed subsidiary, Communication Sat- 
ellites, Inc. (ComSat). 

GE is one of a score of companies 
responding to an FCC inquiry into the 
best way to set up a commercial space 
communications system. Most of the 
organizations that filed opinions are 
eager to form a combine of companies 
and international agencies and to par- 
ticipate in it. 

There are individual differences. For 
example, American Telephone & Tele- 





graph Co. and International Telephone 
& Telegraph Corp. want the combine 
to admit only FCC-licensed message- 
sending interests plus appropriate inter- 
national agencies, while GE wants the 
combine opened wider to include the 
aerospace as well as the entire com- 
munications industry (M/R, May 8, 
p. 16). 

These are points of position; they 
are not rigid and it is expected that they 
will be modified. Bearing this out, 
AT&T says that “We are . . . interested 
in the possibilities of any plan which 
may show technical and economic 
promise and which will provide chan- 
nels suitable for high-quality telephone 
service.” 

e A $200-million network—ComSat 
estimates that the cost of its proposed 
worldwide communications system, con- 
sisting of relays in outer space and 
ground terminals, would be about $218 
million. This is based on the system's 
comprising 10 satellites, and 20 oper- 
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Space Communications Seen by 1965 


GE’s ComSat proposes 10-satellite system costing 
about $218 million; conflicting plans likely to be compromised 


ating and two experimental ground sta- 
tions. 

About $63 million would go for 
engineering design and development of 
experimental and final satellites—their 
radio equipment as well as ground radio 
equipment. The remaining $115 million 
would go directly into the operational 
system, which includes ground termi- 
nals, launching operations and booster 
costs. 

@ Global telecommunications—The 
satellite system is designed to tie in with 
all types of domestic and international 
telecommunications services. These in- 
clude telephonic, full-duplex and half- 
duplex telegraphic, facsimile transmis- 
sion, business machine data, wide-band 
audio and television relay. It is intended 
to serve sparsely settled areas as well 
as heavy traffic paths such as the trans- 
atlantic link. 

In effect, the system would be a 
common carrier’s common carrier. 

To get the needed flexibility, the 
proposed space system would contain 
the following types of communications 
equipment: 

—Four radio repeater packages, 
each able to handle 300 3.6-ke voice 
channels as a block; or two 24-channel 
groups and one 252-channel group. 

—One radio repeater package able 
to handle one 6-mc-baseband television 
signal. 

—Two additional repeaters to pro- 
vide adequate service to low-capacity 
stations. 

Each of the four radio repeater 
packages would contain a main receiver 
whose output would be translated into 
the appropriate frequency and ampli- 
fied by its associated transmitter. 

In addition, two auxiliary receivers 
—outriggers—would be attached to 
each main receiver. Each of these out- 
riggers would be able to receive 24 voice 
channels, demodulate them, and re- 
modulate a subcarrier oscillator in the 
transmitter for subsequent transmission 
along with the main bank of channels. 
In this way, service would be pro- 
vided to medium-size ground stations in 
blocks of 24 transmission channels. 


@ Ground relay stations—Fixed 
ground relay radio stations would be 
May 15, 
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needed to furnish multiple 300-voice 
channel and TV relay services, and for 
remote supervision of the satellite radio 
packages. 

The 24-channel transmitters would 
be time-shared between two frequencies 
each; thus, four transmitters would be 
used to check the eight 24-channel satel- 
lite receivers. No corresponding 24- 
channel receivers would be needed for 
operational purposes, but there would 
be two spare receivers for develop- 
mental and emergency service. 

Although all transmitters would be 
designed to provide a 2-kw operational 
capability, the 300-message circuit units 
would operate at a 1.5-kw output level 
while handling traffic. Similarly, the 
24-channel test transmitters would oper- 
ate at a 1-kw level. 

Telemetering equipment would be 
provided to establish remote monitoring 
of satellite condition and to provide 
command functions to space vehicles. 


© Space satellite design—The com- 
munication equipment would be in- 
stalled in satellites designed to travel in 
a circular orbit 6000 nautical miles 
above earth. The vehicles would be fully 
stabilized and earth-oriented. Active 
solar panels would constantly adjust 
themselves to face the sun, and the 
antenna axis would be pointed toward 
the center of the earth. 

Solar cells would provide primary 
power to the communications equip- 
ment and to the satellite systems. Bat- 
teries would be used for power during 
the dark periods of an orbit and for 
power storage during the light ones. 

The bus bar power requirements for 
each of the 300-channel communication 
units, including the outriggers, is 60 
watts. Power requirements for the TV 
relay is estimated to be 150 watts, but 
used on an intermittent basis; intermit- 
tency is true even if TV service is con- 
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tinuous over portions of the globe. 
Hence, the total maximum power re- 
quirement for this equipment is 390 
‘vatts. 

Nevertheless, the power system 
would be designed to put out 700 watts. 
The added power would be needed for 
attitude stabilization and sensing equip- 
ment, the command and diagnostic tele- 
metry equipment, the thermal control 
apparatus, some miscellaneous equip- 
ment and battery charging. 

The satellite’s total weight, includ- 
ing installed equipment, would be about 
the same as the Army’s Advent satel- 
lite— 1000 Ibs. More than 40% of this 
weight is charged to the electrical power 





RCA Satellite Proposal 


DURING the House Space Com- 
mittee hearings on commercial com- 
munications satellites last week, a 
Radio Corporation of America exec- 
utive called for a joint government- 
industry group to coordinate the 
efforts now under way. Dr. Elmer 
W. Engstrom, RCA senior executive 
vice president, also demonstrated a 
model of a synchronous satellite his 
firm is proposing for global com- 
munications. Traveling in a 24-hour 
circular equatorial orbit, the satellite 
would have its dish antenna aimed 
constantly earthward. Equipment in 
the vehicle would be powered by 
solar cells mounted on large fins 
flanking a cylindrical body. 
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EARTH 
EXTERNAL VIEW of GE's proposed telecommunications satellite shows active solar- 
cell paddles, expelled-gas attitude-control nozzles, and IR and sun sensors. 


generation and distribution system; this 
includes the weight of the solar paddles. 

Twenty-five percent of the weight 
would go into communications elec- 
tronics. And 16% would go into the 
attitude control system. The satellite's 
structure and the thermal control system 
would weigh only 80 Ibs. 


e Guidance and control—To get 
the desired orbit, ComSat proposes the 
following method for launching and 
guidance: 

— First of two stages is radio-guided 
by Mistram until the vehicle reaches 
11,500 fps. 

— The inertially-guided second stage 
adds 20,000 fps to the vehicle’s speed. 
At cutoff, the second-stage velocity is 
horizontal. 

—A coast ellipse follows for a 
1.8-hr. period to an apogee of 6000 
nautical miles. During this time, the 
second stage is pitched over 180° and 
pointed forward for a second ignition. 

— During second ignition, a velocity 
increment of 4200 fps is added; cutoff 
is effected by the inertial guidance sys- 
tem. The second stage is jettisoned, 
leaving the satellite in a roughly 6.33-hr. 
equatorial orbit. 

The satellite’s stabilization system, 
active and conventional, is based on a 
three-axis reference determined by the 
earth and the sun. IR horizon sensors 
and solar-cell sensors detect errors in 
attitude and correct them by inertial 
wheels. These can store small accumu- 
lations of momentum; larger accumula- 
tions are taken out by expelled gas. 

ComSat is considering three boosters: 
(Continued on page 27) 
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Plant Tailors Refractories for Space 


New DuPont center to make 
varied shapes of columbium 


alloy; other metals to come 


1HE FIRST plant designed specifi- 
cally for the production of Space- 
Age refractory metal mill products has 
been put into operation by DuPont at 
Baltimore. ; 

The new Metals Center will produce 
columbium and columbium alloy sheet, 
strip, plate, bars, tubes, and other shapes 
used by metal fabricators. The facility 
is designed so that tantalum, tungsten, 
and molybdenum products can be pro- 
duced in the future. 

The price for columbium mill prod- 
ucts averages about $60 a pound. 

Refractory metals, used in high- 
temperature service, must be processed 
at extremely high temperatures. Colum- 
bium, for example, melts at 4500°F; 
iron is a liquid at 2800°F, To prevent 
contamination, refractory metals re- 
quire special handling methods, and 
specially designed equipment, particu- 
larly in the heat-treating furnaces. 

These new metals with outstanding 
physical properties are being developed 
to meet the needs created by advancing 
technology in the design of rockets, jet 
engines, nuclear reactors, and other 
Space-Age machines. 

Until recently, columbium has been 
limited to use as an ingredient in stain- 
less steel and in carbide dies and cutting 
tools. Researchers have found, however, 
that the refractory metal, when alloyed, 
possesses unusually high strength at high 
temperatures. DuPont has been experi- 
menting since 1955 with production and 
fabrication of the metal and its alloys. A 
number of promising alloys have report- 
edly been developed by the company. 

Columbium is an extremely ductile 
metal, easily fabricated and welded. In 
a pure state, it oxidizes (or burns) when 
heated, but its strength and oxidation 
resistance can be materially improved 
by alloying and coating. The metal also 
has a low thermal neutron-capture cross- 
section which makes it an excellent can- 
didate for atomic energy applications. 

In nuclear reactions, neutrons must 
be able to “filter through” structural 
material used in the reactors or the 
fission reaction is halted or impeded. 
Columbium alloys are among the most 
corrosion-resistant materials known, % 
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ROLLING MILL can withstand a five-megapound separating force to cold-reduce 


a wide variety of refractory alloys with any one of four roll setups 





2500-TON, half-block-long press at DuPont-Baltimore utilizes unique heating, transfer 
mechanisms to quickly extrude refractories with minimum contamination. 
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Details of GE Proposal 





(Continued from page 25) 


the Atlas-Centaur, available in 1963, 
and the Titan-Centaur, available in 
1964, each able to carry about 2900 Ibs. 
of payload; and the Atlas-Agena B, 
available in 1962, able to carry about 
940 Ibs. 

The National Aeronautics and Space 


Administration has already said that it | 


would launch the satellites on a cost- 
reimbursible basis. 


© Temperature control—tThe sur- | 


face temperature of the satellite is ex- 
pected to vary on each side of zero 
by 200°F. In addition, the heat put out 
by the internal electronic equipment can 
go up as high as 500 watts. Still, the 
design operating conditions require that 
the average internal skin temperature 
stay in the range between 50° and 75°F. 

Both passive and active thermal con- 
trol systems would be used. The passive 
system calls for areas of special coatings 
on the satellite, areas having low values 


of solar absorptivity-to-emissivity ratios. | 


Where this method is not adequate, the 
active system would take over. 

Temperature-actuated insulated 
shutters make up the active system. The 
vehicle’s thermal balance can be main- 
tained by appropriate opening of these 
shutters on the sides of the vehicle not 
facing the sun or the earth. 


@ Ownership—Asking that ComSat 
be owned by the aerospace and commu- 
nications industry, GE recommends that 
no one company have more than a 10% 
interest. 

A 10% interest would require a 
financial investment of about $25 mil- 
lion, since for the books the satellite 
portion of the system is being quoted 
at $250 million. 

In addition, GE says that there 
should be at least a 5% ownership and 
risk position by each company in order 
to limit the number of participants 
to an administratively sound number. 
However, GE foresees that a block of 
stock may be set aside for public 
subscription. 

On the other hand, AT&T is calling 
for a space relay system owned entirely 
by message-carrying organizations and 
appropriate international agencies. How- 
ever, the company looks to the aero- 
space industry to produce the satellites, 
build the ground stations and supply 
the rockets. 

All companies agree that establish- 
ing a commercial satellite communica- 
tions system is an important national 
objective. They also agree that the sys- 


tem should be able to provide high- | 
quality telephone service as well as all | 


other existing forms of telecommunica- 


tions—and that it should be built and | 


put into service as soon as possible. % 
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THE 
MAN-IN-SPACE 
MERCURY 
SPACECRAFT 





McDONNELL 
USES 





DORSEH'1'T 


telemetry components 


Dorsett Electronics is responsible for supplying much of the 
telemetering equipment for the Mercury spacecraft which will 
be used in the National Aeronautics and Space Administration's 
“Man-in-Space” program. 

For this vital project, distinct and accurate telemetry signals 
on each channel are an absolute must. Only the highest quality 
workmanship and electrical performance is acceptable to engineer- 
ing inspectors for McDonnell Aircraft, prime contractor. 

Dorsett has designed, developed and manufactured the tran- 
sistorized subcarrier oscillators, associated reference oscillator, 
and power supply mixer-amplifiers that will frequency-modulate 
and multiplex data in the Mercury manned satellites into trans- 
mittible and recordable form. These Dorsett-built components 
consistently meet McDonnell’s standards. 

The same high standards of quality and performance extend 
to the many other telemetering systems and components being 
supplied by Dorsett for today’s advanced aerospace programs. 
For more information, write today! 


DORSETT ELECTRONICS, INC. 
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CLIMATE FOR CREATIVITY: 


This is an artist's conception of the Air Force space 
craft Dyna Soar. Honeywell Aero has been selected 
both as an associate and as a sub-contractor for the 
critical guidance and flight control subsystems re- 
spectively on this delta-winged space craft that will 
carry one or more astronauts. The Dyna Soar will 
be sent into space by a Titan booster. 


The Dyna Soar project is representative of the 
many advanced systems which are being evolved 
and developed into working hardware at Honey- 
well Aero. It is typical of the type of creative con- 
cept that poses a challenge to the engineer or 
scientist possessing imagination, drive, and talent. 


You will find in the Aero division an opportunity 
to associate with those who understand, appreciate 
and respond to the creative individual. In the proc- 
ess you will grow in professional stature and have 
your accomplishments recognized and rewarded. 


Honeywell Aero... 
for the best of both 





















CLIMATE FOR ENJOYMENT: 
Sailing, canoeing, power-boating, water skiing or 
fishing, you'll find opportunity for all in the Min- 
neapolis area. Within the city limits are three sail- 
boat docks, five canoe docks, and four large lakes 
for game fishing. A half-hour away lies fabled 
Lake Minnetonka—‘“‘The Land of Sky Blue Wa- 
ter’’—more than 200 miles of shoreline and plenty 
of room to set a tack. Nearby, flow the miles of 
waterway of the Mississippi River, the Minne- 
sota River, and the St. Croix River. Wonderful oneywe 


areas for outboard or launch cruising, with hidden 


islands and coves to test your spirit of adventure. 
These aquatic pleasures are but one facet of the H  Militainy Produces. Croup 
many recreational, social and cultural enjoyments — 





you and your family will share when you work at To explore profe ssional opportunities in other Honewwell 
. ; ivisi ; ; i operations, coast to coast, send your application in confidence 
Honeywell’s Aeronautical Division in Minneapolis. ache tt 1D. Meiatenmn, Biemavesell. Staneenelie @. ltanante. 
All qualified applicants considered regardless of race, creed, 

ENGINEERING OPPORTUNITIES: a an 





There are openings for qualified personnel in each 
of these areas where you'll find a Climate for 
Creativity and job satisfaction working on a wide 
diversification of missile, space and advanced air- 















craft. 

Vehicle Structural Design Ground Support Equipment 

Propulsion Systems Human Factors 

Power Systems Applied Research (in any 

System Synthesis of the preceding areas) 

Advanced Gyro Design Evaluation Laboratory 

Flight Control & Reference Components, Applications 

ystems and Standards 

Measurements & Display Materials Engineering & 

Instrumentation Physical Chemistry 


Select your area and send your résumé or request 
for information on specific openings to: Mr. Clyde 
W. Hansen, Technical Director, Aeronautical Di- 
vision, 2638 Ridgway Road, Minneapolis 40, Minn. 
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Magnetogasdynamics Gains Reported by 


Though much R&D remains 
to be done, laboratory leader 
sees much brighter prospect 
for use of MGD powerplant 
in space vehicle; next step 
is building a pilot engine 


by Frank G. McGuire 


HAWTHORNE, Calir.—Three major 
advances in magnetogasdynamics have 
greatly brightened prospects for use of 
an MGD engine in space vehicles. 

Resulting improvements in engine 
performance have enabled Norair Divi- 
sion of Northrop Corp. to obtain over 
three Ibs. of thrust in a maximum oper- 
ating duration of two and a half minutes 
with uncooled electrodes. 

Sterge Demetriades, head of the 
Space Propulsion and Power Laboratory 
at Norair, said the three advances are: 

— Achievement of a continuous and 
stable discharge with field emission 
which can pass high currents across the 
plasma stream. 

— Discovery of a cool conducting 
sheath around the plasma jet with low 
momentum which reduces friction and 
erosion losses on engine electrodes to a 
negligible factor. 

—Accelerating the plasma within a 
magnetic field higher than hitherto 
thought possible, plus a mode of opera- 
tion which makes “ion slip” also a 
negligible factor. 

Specific impulse currently being 
achieved is about 1400 seconds with 
argon, and efficiency is in the 40% 
range. Both values are expected to con- 
tinue their rise with further effort. 

Demetriades said a total of 140 kw 
is required for the three Ibs. of thrust, 
90 kw for the accelerator and 50 kw 
for the plasma generator. The available 
power supply is currently limiting some 
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NORAIR’'S Sterge T. Demetriades observes operation of magnetogasdynamic engine 
in laboratory vacuum tank. The engine has delivered up to three lbs. thrust for durations 
as long as two and a half minutes. 


aspects of the program, and there are 
limitations imposed by the plasma gen- 
erator, a commercial device. 

e Needs more R&AD—Regular test- 
ing schedules at Norair have been put- 
ting the engines through two- and three- 
Ib.-thrust runs for durations of one and 
two minutes daily. These compare very 
favorably with the four-to-eight-ounce 
runs for short periods when the project 
got under way ten months ago. 

Demetriades stressed that consider- 
able work remains before an engine 
actually is in use aboard space vehicles, 
although the recent progress has brought 
this prospect much nearer. 

The major components on which an 
MGD engine would be based are a 
powerful electrical energy source, prob- 
ably a nuclear reactor; a plasma gen- 
erator to create a plasma stream; and 
a plasma accelerator to provide thrust. 

A systematic research study is 
strongly favored by Demetriades before 
hardware development is accelerated. 
The first step, he feels, is to continue 
research to optimize the engine and 
understand its fine points better. 

Simultaneously, basic studies—such 
as research into the processes of energy 
transfer to plasmas by continuous 
Lorentz forces—should be continued, in 
order to provide an understanding of 
loss mechanisms, and thereby pave the 
way to reduce such losses. 

“The next step,” Demetriades said, 
“is to build a pilot engine to fit into a 


completely integrated space propulsion 
system capable of maintaining thrust 
for indefinite periods of time, perhaps 
years.” 

Equipment for this type engine is 
not available yet, he pointed out, and 
Norair hops to design and build special 
plasma generators, accelerators and spe- 
cial electrical generators to pioneer the 
effort required. 

Present equipment is being used 
with uncooled electrodes, and this is a 
hindrance to run time. Cooled elec- 
trodes, through radiation and regenera- 
tive techniques, will greatly extend the 
run time. Norair is on the verge of 
installing a higher-power electrical sup- 
ply system for the project. 

Demetriades said an uncertainty of 
15% exists in the propulsion efficiency 
measurements with argon as propellant, 
but the MGD efficiency obtained, ex- 
cluding the plasma generator, is never- 
theless greater than 30%. An even 
higher level of uncertainty—40% 
exists with nitrogen or air as expellant, 
but the MGD engine efficiency is still 
over 10%. 

He emphasized that no attempt had 
been made to optimize the geometry or 
efficiency of this particular engine. The 
existing uncertainties can be removed, 
however, by either mounting the plasma 
generator on the balance along with the 
MGD driver, or by direct and continu- 
ous measurement of the plamsa genera- 
tor exhaust velocity or cooling losses. 
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Norair Div. 


Both approaches to reducing the 
efficiency uncertainty are now being 
followed by the Norair laboratory. 

e Experimental equipment—tIn lab- 
oratory work Demetriades and his asso- 
ciates, Dr. Richard W. Zeimer and 
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C. F. Young, mounted an electromagnet ith oe Tease o 
on a balance located in a vacuum tank MAGNETIC INDUCTION 
The magnet had a capability of 12,000 mm 
gauss continuous or 15,000 gauss peak, 2 Sr Be ple ea Oe 
and had a one-inch gap. +4 he 
Pressure in the tank was maintained +++ +4. 
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at about 2000 microns while the argon, 



































nitrogen or air plasma jet from the arc ; - 800 
source was exhausted into it. The plasma oe : * 
jet was directed between the pole pieces ELECTRODE CURRENT if ey 
of the magnet. ae a : 
The magnet-balance-electrode assem Be Ee 
bly was located about an inch from the <0 = ; 
end of the plasma jet nozzle, and the biefy ae 
poles and electrodes about six inches + Brea + -100 VOLTS 
from the same nozzle. Adjustable elec- eS OE AS r-50 
trodes allowed the researchers to posi ELECTRODE VOLTAGE — 
tion them at the edges of the free jet om ” o.% 
of plasma, which had a diameter of rt 
about one inch. Balance reaction was 
then measured through strain gages. TIME —> 














e Experimental results—Depending 
on polarity of the system, either a drag TYPICAL EARLY TEST of Northrop’s MGD engine (argon, electrode spacing !.19 in., 
or thrust reaction was obtained from efficiency 25%). Subsequent test runs have boosted efficiency to 40%, and further efforts 
the balance when the electric current gre expected to increase it still more 
and magnetic induction were turned on 
while the plasma jet was streaming 
through the space confined by the pole 
pieces and the electrodes. 

It was noted that the trailing edge 
of the anode was first to start glowing, 
and this region spread upstream and 
down the anode stem in a cylindrical 
front with the trailing edge for an axis. 
Indication is that the discharge probably 
stabilizes at the anode trailing edge. 

Another result was that the hot lum- 
inous core of the plasma jet could be 
a considerable distance (about “% in.) 
from the electrode surfaces without im- 
pairing the flow of current, implying 
that the core is surrounded by a con- 
ducting sheath due to the diffusion of 
electrons. The momentum of particles 
in the sheath appeared to be lower than 
the momentum of particles in the core. 

Electrode current was varied from 
10 amps per square inch to 2000 amps 
per square inch, while the electrode 
potential difference was varied from 24 
volts to 360 volts. The flow rate of the 
argon expellant was about 1.40 gm/sec. 

“The agreement between measured VIEW OF the magnetogasdynamic driver on the thrust-measuring balance in Norair’'s 
and computed thrust was excellent,” vacuum tank. The plasma generator, mounted on the tank door at left, is a commercial 
Demetriades said. % 8 838device; the company hopes to build special generators 
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built in 1896 still used by 
Warner and Swasey in 
scribing encoder discs, 
other specialized tasks 


by Charles D. LaFond 
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A 19TH CENTURY circle dividing 
machine is finding its service just as 
much needed in this Space Age as it 
was some 65 years ago. 

Designed originally by Ambrose 
Swasey, one of the founders of Warner 
and Swasey Company, Cleveland, Ohio, 
it still ranks as one of the most accu- 
rate dividing instruments in the United 
States. 

Accurate to within one second of 
arc, the venerable machine was first 
used in the building of the 40-inch equa- 
torial telescope for Yerkes Observatory 
in Wisconsin. That was in 1896. 

Among its many recent assignments 
was the scribing of a master encoder 
disc for a modern numerically-con- 
trolled turret lathe. 

@ Servo-Feed lathe—WAS’s elec- 
tronically controlled turret lathe was 
first revealed last year. Designed from 
the floor up for automatic ultra-preci- 
sion machining of missile and aircraft 
hardware, two of the first machines have 
just been installed at Thompson Ramo 
Wooldridge in Cleveland. Cost of each 
lathe was roughly $250,000. 

Use of optical encoder discs for 
feedback signals on the W&S lathe is 
believed to be a “first” in the American 
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LEFT: Master encoder disc, 
39 in. in diameter, is scribed 
into 2048 equal divisions 
Later, 
reduced and reproduced pho- 
tographically on thin optical 
glass measurine less than 3 


in diameter 


RIGHT: First production 
models of the new W&S 
Servo - 
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currently being tested at 
Thompson Ramo Wool- 
dridge, Cleveland, where the 
lathes will be used to ma- 
chine 
precision 


feedback control are 


aircraft 



















Ancient Divider Still Hard at Work jin 


machine-tool industry and possibly the 
first of its kind in world metalworking 
technology. 

Designed with a 25-inch swing, the 
lathe features a built-in memory capable 
of assimilating up to 96 sequential com- 
mands. Each single command directs 
one function such as “change speed,” 
“start rapid traverse,” etc. Any com- 
mand can be changed at any time with- 
out disturbing the remaining stored data. 

Except for an incremental tape path- 
control system used only for contouring, 
no tape or outside programing is re- 
quired by the machine. 

All commands are inserted into stor- 
age by the set-up operator. He simply 
uses a push button at the end of an 
acceptable cut to insert all the necessary 
operating factors into machine memory. 

To change a command, the operator 
permits the lathe to follow its normal 
work cycle up to the cut needing ad- 
justment. The controls are then switched 
to manual while the new procedure is 
introduced. Again, the record button 
is engaged and the corrected command 
is inserted in memory in the proper 
sequence. Control is then returned to 
automatic operation. 

Fine memory adjustments can be 
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n Space Age 


made to 0.0005 inch in a horizontal 
direction and to 0.00025 inch in a cross 
direction. 

© Optical encoders—The superbly 
accurate master encoder disc produced 
on the old W&S divider machine meas- 
ures approximately 39 inches in di- 
ameter. From this master, additional 
encoder discs are reduced and repro- 
duced photographically to about 3 
inches in diameter for mounting in the 
optical encoders of the Servo-Feed tur- 
ret lathes. 

In the lathe the discs function as 
light traps or gates, either passing or 
blocking rays from a light source to 
a series of photoelectric cells. The pat- 
tern of light reaching the cells through 
the discs is translated electrically into 
feedback signals for the turret lathe’s 
memory and tape control sytem. The 
accuracy of the encoder discs is of para- 
mount importance. 

The master encoder disc was divided 
into 2048 separate equal divisions. At 
a diameter of 39 inches, this means each 
division is 0.059921 inch wide. 

During scribing operations, the di- 
viding instrument indexes this distance 
automatically, marking off divisions on 
the master disc—which was clamped to 
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65-YEAR-OLD Dividing Engine still is one of the most accurate circle dividing instru- 
ments ever built. Here Ambrose Swasey, designer of the machine and co-founder of 
Warner & Swasey Co., poses with his newly built instrument in 1896. It was first used 


that year, in construction of telescope for Yerkes Observatory 


the circular table of the machine—at a 
rate of 3 lines per minute. The complete 
job took 11.4 hours, W&S said. 

Scribing was done with a carbon 
steel cutter mounted on an overarm 
mechanism. Width of each scribed line 
is 0.0011 inch. 

Once the master disc was divided, it 
then could be used for accurate plotting 
of the transparent and opaque areas of 
the encoder discs which go into the 
actual Servo-Feed lathe mechanisms. 
Working from the master, the plotted 
encoder disc image is reduced in size 
and reproduced photographically on 
thin optical glass to become the princi- 
pal working element in the encoder. 

e Uses vary—tThe old dividing en- 
gine appears still to have a long and 
useful future. In addition to its current 
work on encoder discs, the engine has 
been used in recent years for a number 
of special jobs for the U.S. and British 
Governments and industrial customers. 

It was employed on components for 
the new 36-inch Schmidt telesope unit 
built by Warner & Swasey for the Case 
Institute of Technology observatory. 
Specially divided circles of low expan- 
sion silver were calibrated for the U.S 
Naval Observatory for measurement of 
star tracks. 

For Timken Roller Bearing Co. in 
Canton, Ohio, the divider was used re- 
cently to scribe circular components for 
a taper gage believed to be the most 
accurate of its type ever built. 3 


Chemical Ignition Seen 
Feasible for Centaur 


PROPULSION researchers have es- 
tablished the apparent feasibility of a 
chemical ignition system for hydrogen- 
oxygen rockets, a NASA technical re- 
port says. 

Chemical ignition might solve the 
problems that have caused six months 
of delay in the Centaur high-energy 
rocket. The Centaur program has been 
in trouble because of difficulty in simul- 
taneously igniting its two engines with 
the present electric spark system. 

John W. Gregory and David M. 
Straight of NASA’s Lewis Research 
Center said in a technical note (D-684) 
that their results indicate it may be 
possible to create a small, compact 
chemical ignition system capable of be- 
ing developed into a highly reliable com- 
ponent for hydrogen-oxygen engines. 

Gregory and Straight studied the 
use of triethyl aluminum as a lead to 
the hydrogen fuel line, and chlorine 
trifluoride as a lead to the LOX line in 
a nominal 125-lb.-thrust combustor 
burning gases at 200°F. 

Use of about 0.5 cu. in. (0.038 Ib.) 
of CTF or about 1.0 cu. in. (0.031 Ib.) 
of TEA were required for starts with 
ignition delay of less than 100 milli- 
seconds. When the same amounts were 
added to a hydrogen-oxygen mixture 
containing 20% fuel, maximum ignition 
delay time was only 15 millisec. 3 
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T re) D AY “A revolutionary and practically invulnerable ballistic missile 
system.”’ President Eisenhower thus characterized the POLARIS 

. Fleet Ballistic Missile—capable of being launched from hidden 
IT Ss A nuclear submarines anywhere in the oceans of the world. 





As System Manager of this fantastic program, Lockheed 
PO LA be { S Missiles and Space Division coordinated its overall 
design, research, development, testing, assembly, and 

y fe) R LD see evolved the missile frame and reentry body. Outstanding 
competence and teamwork brought the PoLaris to 
operational status years ahead of schedule. Such 
accomplishments exhibit a bold, imaginative 

approach to new and unusual concepts. 


Similar challenging opportunities are continually 
developing at Lockheed. Other programs reach far into 

the future ... a rewarding future which engineers and 
scientists of creative talent and inquiring mind are invited 

to share. Write Research and Development Staff, Dept. M-16A, 
962 West El Camino Real, Sunnyvale, California. U.S. citizenship 
or existing Department of Defense industrial security clearance 
required. All qualified applicants will receive consideration for 
employment without regard to race, creed, color or national origin. 


Lockheed / missus AND SPACE DIVISION 


Systems Manager for the Navy POLARIS FBM and the Air Force AGENA Satellite in the DISCOVERER and MIDAS Programs 


SUNNYVALE. PALO ALTO, VAN NUYS, SANTA CRUZ, SANTA MARIA, CALIFORNIA * CAPE CANAVERAL, FLORIDA * HAWAII 
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THESE SNAP-IN CONTACTS 


OF CEC’s 500C CONNECTORS 








ASSURE AN AVERAGE VOLTAGE DROP 


— — 
OF LESS THAN 3 MV AT 5 AMPERES 


: 
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Low contact resistance makes 
CEC’s line of 500C miniature 
electrical connectors ideal for dry 
circuit applications. These rect- 
angular connectors are designed 
to exceed the requirements of 
MIL-C-8384A. 


The series is available in a range 
of 14 to 104 contacts with mount- 
ing hardware for flush or surface 
installation, straight or right- 
angle cable entrance and guide- 
pin or jackscrew mating. The size 
20 contacts of the line accommo- 
date AWG wire sizes 20 thru 26. 


Write for Bulletin CEC 4004-X2. 


_ ° fei a —¢ 


CONSOLIDATED ELECTRODYNAMICS / pasadena, california 


Belle Howe)ll 


Hound Dog 
Data Sped by 


Relay System 


Downey, Ca.iF.—Collection tir 
for Hound Dog test data has been r 
duced to a minimum by a unique syste 
which relays the missile’s actions ov 
the Atlantic Missile Range to Nor 
American Aviation’s Space and Info 
mation Systems here almost instantan 
ously—in about 18 milliseconds 

The system, used for developme 
and checkout during captive flights « 
the missile, enables NAA engineers 1 
monitor the flight while it is in progress 
and analyze critical data within a fe 
minutes after the flight’s conclusior 
This trims days from the former metho 
of compiling telemetry and radar info 
mation on magnetic tape, then flying th 
tape to Downey for evaluation. 

First step in the transmission systen 
is conversion of the Hound Dog’s Ver 
dan computer data to telemetry signal 
which are transmitted to a down-rang: 
receiving station. The telemetry dat 
covers operation of the missile’s guid 
ance systems and subsystems rather than 
trajectory information. The receiving 
Station further processes the telemetry 
data for transmission via submarine 
cables to the Radio Corporation of 
America telemetry station at Cape 
Canaveral. This transmission to the 
Cape includes the balance of tracking 
data necessary for full evaluation of the 
flight. The RCA station extracts the 
desired test information from the 60-odd 
bits transmitted from the missile, and 
relays it to the NAA dilivision’s test 
facility at the Cape 

The flight control center encodes th 
information for input to the microwave 
and telephone line link leased by NAA 
from American Telephone and Tek 
graph Co. which connects the Florid 
and California facilities of SISD 

Upon receipt of the information, th 
Downey computer facility demodulates 
the signals back to telemetry “language 
and digitally translates the telemetry 
information for an IBM computer input 
The final data is read out from the 
computer in decimal form onto IBM 
punch cards 

Radar tracking and trajectory data 
is relayed to the division's 
headquarters through the same genera 
network the morning following the 
flight. It is then combined with the 
guidance and performance information 
and processed to obtain a broad picture 


of the entire test. 33 
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MAY 5,1961— AMERICA'S FIRST MAN IN SPACE. North American Aviation joins all 
of America in saluting Cmdr. Alan B. Shepard, Jr., USN — the Free World's first astronaut. The his- 
toric flight was a major step in America's man-in-space Mercury program, directed by the National 
Aeronautics and Space Administration. The power that put an American in space was provided by 
a Redstone liquid propellant rocket engine. The next step will be an orbital flight powered by an Atlas 
engine. Both the Redstone and Atlas engines are produced by the Rocketdyne Division of North 
American Aviation. Rocketdyne is now testing immensely more powerful engines. The Saturn booster 
will be able to orbit 40 tons. The giant F-1 engine, which has already achieved a thrust of 1,640,000 
pounds, may well give America space supremacy. Rocketdyne is the Free World's leading producer of 
large liquid propellant rocket engines—engines that have already powered 36 out of 40 of America's 
successful satellites and space probes and that have proved their reliability for manned space flight. 


THE ROCKETDYNE DIVISION OF NORTH AMERICAN AVIATION cs 








booster recovery 





Saturn May ‘Fly’ Back to Launch Site 


North American study envisions ‘paraglider’ in 


position to unfold on separation and carry booster 


home under radio control; many problems remain 





BOOSTER SEPARATES from upper stages of Saturn in NAA artist's conception, and 
recovery system begins to unfold for trip back to launching site 





HOW PARAGLIDER AND BOOSTER might look on landing after radio-guided flight. 
Touchdown would necessarily be made at zero velocity to avoid damaging booster 
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Downey, CaLiF.—it may be pos 
sible to “fly” Saturn boosters back t 
near their launch sites at Cape Canay 
eral or to a down-range island for ship 
ment back to the Cape, according t 
engineers at North American Avia 
tion's Space and Information System 
Division. 

An NAA study, one of two awarde: 
to industry for development of a re 
covery system for the Saturn C-.: 
booster series, calls for incorporating 
capabilities for a controlled touchdow: 
at a fixed site. The booster recover) 
system would be guided by a modifie< 
radio control system of the type de 
veloped for the company’s X-/0 re 
search vehicle. Final flare pattern woul 
be similar to that of the X-/0, witl 
touchdown at zero velocity in order t 
land the ioad—-sensitive at zero g. 

NAA favors the “paraglider” ap 
proach, proposed by the National Aero 
nautics and Space Administration's 
Francis M. Rogallo several years ago 
In this configuration, the recovery sys- 
tem takes the general form of a triangle 
—similar to folded paper “darts” made 
by schoolboys for several generations 
The idea appears quite feasible, NAA 
engineers say, but it is not easy to desig 
nate final hardware and configuration 

Basic structure for the paraglider 
consists of two leading edge booms and 
a keel. Between these structural mem 
bers a covering of steel mesh, probably 
Rene 41, would be stretched. The mesh 
in turn, would be coated with a silicone 
based coating to form the aerodynamic 
supporting structure for the booster 


e The hard part—Up to this point 
things are relatively simple. But then 
the problems really begin. 

For one, where to put the recover) 
system on the booster? S&ISD engineers 
say that, for proper aerodynamic sup- 
port of the Saturn booster, the booms 
will have to be about 100 ft. long. These 
booms, however, must fit within a 50- 
ft.-long space in the booster’s tankage 
area. This means the booms will have 
to be articulated in some manner 
Studies are being conducted of every 
approach—from a simple folding-boom 
assembly to a many-jointed, accordion- 
like boom arrangement. Some studies 
have also been made of using inflatable 
structures for the main members. The 
latter approach might solve some stor- 
age problems, but pose others. 

The recovery system is also weight- 
restricted to 10,000 Ibs., which has been 
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aken into account in the booster de- 
sign as related to end payloads and 
missions. Because of this, titanium is 
being seriously considered for the boom 
and keel structures. These assemblies 
would most likely be made up of hol- 
low tubes—either hinged for folding 
into the tankage space, or possibly 
telescoping. 

Because the recovery paraglider 
should be maneuverable, some sort of 
auxiliary power unit will be required. 
Design and power of the unit will de- 
pend upon power requirements for the 
amount and rate of support cable reef- 
ing needed to properly guide the booster 
to the desired landing area. The reefing 
process poses still another problem in 
that the steel support cables will have 
to be one inch or more in diameter—a 
difficult size to “roll up.” Project engi- 
neers are thinking in terms of about 
300 hp. 

Still another problem to be solved 
will be encountered even before the 
paraglider recovery system can be de- 
ployed. 

When the booster separates from 
the upper stages, it becomes unstable. 
At its “ideal” empty weight of approxi- 
mately 110,000 Ibs., some type of sta- 
bilization system is necessary. S&ISD 
engineers believe a system of reaction 
jets on the booster may do the job. 

Performance criteria for Saturn ap- 
plication of the paraglider system points 
toward a need for about 7000 sq. ft. of 
flat pattern area in order to meet a de- 
sired glide angle of about 15° and pre- 
flare landing speeds on the order of 
70-80 knots. At supersonic and hyper- 
sonic speeds, paraglider wing loading 
is expected to be on the order of 15-18 
lbs. per sq. ft. 

Attachment points for the recovery 
system pose stil] another difficulty due 
to very sensitive g-limits on booster 
tanks. This also means that the para- 
glider may have to be fitted with some 
system to assure “easy” opening. 

The recovery system is also expected 
to withstand calculated re-entry temper- 
tures of over 1000°F. Booster velocities 
at burnout and separation are expected 


to vary between 2000 and 8000 ft. per 
| Sec. depending upon the mission. 


© Other uses—The paraglider con- 
cept may also be used for an “air 


| Snatch” to increase the range over which 


the booster may be recovered. It might 
also be utilized as a supporting structure 
for boosters which could then be towed 
by an aircraft if the booster assembly 
can be equipped with a landing gear— 
either wheels or a skid arrangement. 
The tow concept would probably re- 
quire an aircraft about the size of the 
C-133, to pull the paraglider and 
booster through the air. 

The second study is being performed 
by Ryan Aeronautical Co. 3 


missiles and rockets, May 15, 1961 








LLERY prope.tcant BRIEFS 





Workmen check bulk containers of pentaborane before ship- 
ment to Air Force from Callery’s Muskogee, Okla., plant. 


| Worker Training and Sound Engineering make 
| TONNAGE PENTABORANE AVAILABLE NOW 


Pentaborane, like most of the other 
highly reactive chemicals in propulsion 
systems, takes respectful handling by 
properly supervised and trained work- 
ers. Callery has been able to bring the 
tremendous potential of the boranes to 
the propulsion foreground through the 
use of sound design and construction 
principles. We are shipping tonnage 
quantities of pentaborane from Musko- 
gee under an Air Force contract. 

The Callery-developed high temper- 
ature data in the next column may pro- 
vide you with some new directions in 
your propellant systems design. Other 
data on pentaborane is available cover- 
ing density, dielectric constant, heat ca- 
pacity, solubility, surface tension, va- 
por pressure and viscosity vs. tempera- 
| ture. Write us for specific details on 

data and handling procedures for pen- 

taborane. 


DENSITY OF LIQUID BsHs vs TEMPERATURE 
Temp. (°C) 
60 
70 
75 
80 
90 
95 
100 
110 
115 





Observed Density (g/ml) 
0.5866 
0.5780 
0.5741 
0.5688 
0.5604 
0.5561 
0.5522 
0.5431 
0.5389 


SOLUBILITY OF NITROGEN IN LIQUID BsHs 


(Total Pressure 1000 + 7 psig) 






































Temp. Solubility 
(°C) | IGPP‘})| MR‘? | His) 
30 68.7 0.0559 | 8.14x 104 
50 | 68.4 0.0607 | 8.87 
70 | 67.9 0.0644 | 9.48 
100 65.9 0.0711 | 10.79 
129 62.8 0.0722 | 11.50 
| 150 59.6 0.0779 | 13.07 











(1) IGPP, Ideal Gas Partial Pressure (atm. Abs) 
(2) MR is moles gas/ mole pentaborane 
(3) H is MR /1IGPP 


| Callery Chemical Company, Defense Products Department 
Headquarters: Callery, Pennsylvania. Telephone Evans City (Pa.) 3510 
West Coast: 15537 Lanark Street, Van Nuys, California. Telephone STate 1-5761 


Circle No. 12 on Subscriber Service Card 
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Titan Il prototype... 


Launch Proves Out New Silo Concept 


OFFICIAL Air Force photo sequence of May 3 Titan silo launch at 
Vandenberg AFB, Calif., carefully avoids showing any details of silo este 
configuration. cue 
The unique flame-exhaust vent design of the prototype Titan I/ silo— and 
first proved out in static-firing tests several weeks ago—apparently han- 
died the actual launch with no heat or pressure damage to the missile. 
Not even the paint was scorched. ; . 
Cable visible in the photo at right was attached to the missile during the 
the liftoff phase to get all possible data as it left the hole. the | 
The launch tube—28 ft. in diameter and lined with 3-ft.-thick fibre- 
glass acoustical damper—did not suffer any damage in the shot. 
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What MR-3 Means 


(Continued from page 16) 





volts on the isolated battery, before en- 
gine cutoff at 2 min. 20 sec. after liftoff. 

Then he reported capsule separation, 
disarming of the automatic retrojettison 
and extension of the periscope. The 
retrorockets would have been jettisoned 
if it had been necessary to use the 
escape rockets. However, after engine 
cutoff, the escape tower was jettisoned 
and the retrojetiison circuit was dis- 
armed to avoid inadvertent loss of the 
retro package. 

Next, the automatic system turned 
the capsule up to its orbit attitude with 
the blunt end 15° above the horizon. 

Three minutes after liftoff, Shepard 
began control movements with the stick 
disconnected from the attitude control 
system. After turning it for pitch down, 
yaw left, pitch up, roll left, yaw right 
and roll right, he turned on the manual 
control handle. 

Next, he went into manual pitch, 
yaw and roll movements. All worked 
well, although the manual system had 
been developing some trouble with 
valves sticking and heavy control forces 
in the checkouts before the flight. 

e “Beautiful view”’—Shepard and 
Astronaut Virgil I. Grissom, who spe- 
cialized in monitoring the control sys- 
tems, had worked out alternate pro- 


cedures in case the manual controls 


should stick during the flight. The alter- 
nate procedures were not disclosed, but 
probably involved use of the “fly-by- 
wire” system in which the controls were 
moved by a circuit connected with a 
set of rheostats. 

About 4 min. after liftoff, Shepard 
looked out the periscope to see what 
features he could identify. His first com- 
ment was “What a beautiful view.” 

He reported a cloud cover of 0.3 
to 0.4 over Florida, which made it im- 
possible for him to identify Cape Hat- 
teras, 582 statute miles north of Cape 
Canaveral. However, he could identify 
Okeechobee, Fla., Andros Island and 
reefs off the coast. 

Shepard's backup astronaut, John H. 
Glenn, had suggested that he look at 
this point to see whether he could 
identify any stars. If the flight had 
taken place on schedule at 7 a.m. 
(EST), the moon, Venus and Saturn 
would have made an interesting array 
in the southwest, close to the horizon. 
However, by the time of the actual 
flight—at 9:34 a.m.—the moon had 
set. He could not identify any stars. 

Four and a half minutes after lift- 
off, Shepard positioned the spacecraft 
for retro firing and fired the three retro- 
rockets at a little past 5 min. Each 
motor burned 10 sec. They were fired 
at overlapping 5 sec. intervals. The 
retros will reduce 500 fps from the 
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25,200 fps orbital velocity. 

e Light fails—Next, the retrojetti- 
son was rearmed and he switched the 
control system to fly-by-wire at about 
6 min. after liftoff. About 30 sec. later, 
the retro package was jettisoned on 
schedule—after which occurred the 
only reported capsule malfunction. 

A light that was to have confirmed 
retrojettison failed to come on. How- 
ever, Shepard saw the straps falling 
away and heard the noise when the ex- 
plosive bolts were actuated. Thus he 
knew the jettison had taken pace. 
Nevertheless, he used a manual override 
to confirm and received the green light 
verifying his knowledge. 

The malfunction delayed by a few 
seconds Shepard’s turn into re-entry 
attitude, which was to have begun 
before the periscope automatically re- 
tracted at about 6:45. However, he 
made the movement before a trace of 
re-entry deceleration appeared—a few 
seconds after 7 min. At that point, he 
switched the control system to auto- 
matic and checked out the high-fre- 
quency backup radio channel. It per- 
formed well and he returned to UHF. 

© Re-entry begins—Coming up on 
8 min., the g loads began to increase. 
He reported 3, 6, 9 and then said “OK” 
three times—his voice little more than 
a grunt as he strained his stomach 
muscles against the load. The whole 
buildup to more than 11 g’s and then 
the dropoff took about 30 sec. 

At this point, the computers re- 
ported the capsule impact prediction 
would be “right on the button” and 
the Carrier Lake Champlain waiting 
downrange took on full steam to reach 
a point calculated at seven miles away. 

Actually, the capsule traveled 12 
miles farther than the nominal 290 
miles. In its only malfunction, the Red- 
stone burned a second or two too long. 

Descending at a speed of about 
300 mph, Shepard reported altitude of 
30,000 ft. At that point, some com- 
munication difficulties developed as ex- 
pected, as the capsule fell low toward 
the horizon from Cape Canaveral. The 
tape later disclosed that he reported 
25,000 ft. about 8% min. after liftoff, 
but those in the control center at the 
Cape were not certain at that moment. 

Communications at that point were 
switched to a link with Grand Bahama 
Island, only 80 miles away from the 
impact area, and Shepard reported de- 
ployment of the drogue chute at 21,000 
ft., just as planned. 

Further difficulty in communication 
caused concern in the control center 
about deployment of the main chute, 
which was to have been at 10,000 ft. 
Shepard reported his altitude at 7,000 
ft. a little later but neglected to men- 
tion the main chute. 

Astronaut Donald K. Slayton, on 


capsule communications (CapCom) 
asked for “Card File 23"—confirmation 
of main chute—but only part of Shep- 
ard’s words came through. The first to 
know the chute had deployed were 
sailors on the Lake Champlain. 

Shepard finally got through with the 
statement “everything A-OK” and re- 
ported his dye marker was out. Heli- 
copters from the Champlain reached the 
capsule and circled around it for the 
last few hundred feet of descent. 

The flight lasted 15 minutes—from 
9:34 to 9:49 a.m. (EST). He .climbed 
out of the capsule, took a hoist into the 
copter and was on the deck of the 
Champlain 26 min. after liftoff. 

Shepard said the only discomfort 
he suffered was in the final 11 min., 
after he had disconnected the air- 
conditioning system from the pressure 
suit. The heat bothered him. 


© Long wait—The astronaut had 
been in the capsule for four hours and 
14 min. before the liftoff. The hatch 
had been closed for three hours and 24 
min. Nevertheless, Dr. Stanley White, 
Project Mercury flight surgeon, said he 
had. been prepared to leave Shepard 
inside for another two hours or more. 

A number of brief holds delayed the 
scheduled liftoff 29 minutes. Then, at 
7:14, launch director Kurt Debus called 
a 15-20 min. hold for a look at the 
weather. A bank of clouds, which had 
blown in over the launch area, would 
have interfered with optical tracking. 

The clouds began to blow away and 
Debus and Mercury Operations Direc- 
tor Walter C. Williams decided to re- 
sume the count at about 7:45. At this 
time, however, a DC-AC inverter in the 
Redstone developed frequency drift and 
had to be replaced. The count was re- 
cycled to T-35 with an estimated delay 
of an hour. The count was actually 
resumed in 52 min.—at 8:40. 

The count moved back to T-15 by 
9 a.m., when a computer at Goddard 
Space Flight Center—1000 miles away 
in Greenbelt, Md., began giving trou- 
ble. It required 18 min. to straighten 
out and the count was resumed at 9:18. 

The preparation continued until 
9:30, when the hydrogen peroxide pres- 
sure in the capsule control system sud- 
denly overshot by about 100 psi. The 
pressure was relieved by operating 
valves by remote control from inside 
the blockhouse, and the count was re- 
sumed after a minute and a half. 

In a press conference later, Col. 
Robert S. Maloney, deputy commander 
of the Atlantic Missile Range, noted 
the problems before liftoff and said: 

“At that time, Cmdr. Shepard took 
over and everything seemed to work 
perfectly. All I can conclude is that 
man is a lot better than a machine. And 
the sooner we get men into space, the 
better we will be.” 3 
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Lift Off and the Clock Is Started’ 


Following is a transcript of the mes- 
sages between Cmdr. Shepard and 
ground control during his 15-min. flight. 
Times of the messages and some of the 
ground control (VOICE) comments 
have been deleted by NASA. 


Voice: One minute and counting, mark. 
Forty-five and counting, mark. 

Shepard: Ruger. 

Voice: Firing command, 30, mark. 
Shepard: Roger. Periscope has retracted. 
Voice: That is the best periscope we've 


got. 
Shepard: Main bus 24 volts, 26 amps. 
Voice: 15, 10, 9, 8, 7, 6, 5, 4, 3, 2, 1. 
zerc. Lift off. : 

Shepard: Roger, lift off and the clock is 
started. 

Seer 

Shepard: Roger, reading you loud and 
clear. 

VES cccccas 

Shepard: This is Freedom VII, the fuel is 
go. 1.2 G, cabin at 14 psi, oxygen is go. 
Wee ecccces 

Shepard: Freedom VII, it is still go. 

Wels veces. 

Shepard: This is VII, fuel is go, 1.8 G, 8 
psi cabin, and the oxygen is go. 

WED si seen 

Shepard: Cabin pressure is holding at 5.5. 
Veolce: I can understand; cabin holding at 
5.5. 

Shepard: Fuel is go, 2.5 G. Cabin 5.5. 
Oxygen is go. The main bus is 24, and 
the isolated battery is 29. 

VOREEE ccccces 

Shepard: O. K. It is a lot smoother now. 
A lot smoother. 

Voice: Roger. 

Shepard: . . . fuel is go, 4 g, 5.5 cabin. 
Oxygen. All systems are go. 

Voice: All systems go. Trajectory O. K. 
Shephard: 5 G. CAP SEP (capsule separa- 
tion). Green. 

Voice: Roger. 

Shepard: Auto retrojettison circuit dis- 
arm. CAP SEP is green. 

Voice: Periscope is coming out. 

Shepard: Periscope is coming out; and the 
turn around has started. 

Volce: Roger. 

Shepard: ASCS. Control movements. 
Voice: Roger. 

Shepard: O. K. Switching to manual pitch. 
Voice: Manual pitch. 

Shepard: Pitch is O. K. Switching to man- 
ual yaw. 

Voice: I understand. Manual yaw. 
Shepard: Yaw is O. K. Switching to man- 
ual roll. 

Voice: Manual roll. 


Shepard: Roll is O. K. 
Voice: Manual roll. 


Shepard: Roll is O. K. 

Voice: Roll O. K. Looks good here. 
Shepard: On periscope. What a beautiful 
view! 

Voice: T'll bet it is. 

Shepard: Cloud cover over Florida, three 
to four tenths in the upper east coast, ob- 
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scured up through Hatteras. Can see Okee- 
chobee, identified Andros Island, identified 
the reefs. 

Voice: Roger. Count down on retro: 5, 4, 
3, 2, 1, retroangle. 

Shepard: Start retro sequence and retro 
attitude. Green. 


Voice: Roger. 

Shepard: Control is smooth. 

Voice: Roger, understand, all going 
smooth. 


Shepard: Retro | fired, very smooth. 
Voice: Roger, Roger. 

Shepard: Retro 2, Retro 3, All three retros 
are fired. 

Voice: All fired on the button. 

Shepard: O. K., three retros fired. Retro- 
jettison on. 

Voice: Roger. Do you see the booster? 
Shepard: Negative. 

Voice: Roger. Switching fly by wire. Fly 
by wire. Understand. 

Shepard: All is O. K. 

Voice: Roger. . . . 

Shepard: Roger. I do not have a light. 
Voice: Understand you do not have a 
light. 

Shepard: I do not have a light. I see the 
straps falling away. I heard a noise. I wili 
use override. 

Voice: Roger. 

Shepard: Override used. The light is green. 
Voice: . . . retrojet? 

Shepard: Roger. Periscope is retracting. 
Voice: Periscope retracting. 

Shepard: . . . going into re-entry attitude. 
Voice: Re-entry attitude. Roger. Trajectory 
is right on the button. 

Shepard: O. K., Buster. Re-entry attitude. 
Switching to ASCS normal. 

Voice: Roger. 

Shepard: ASCS is O. K. 

Voice: Understand. 

Shepard: Switching to HF for radio check. 
Voice: .. . on HF. Back to UHF. 

Shepard: All clear. This is Freedom VII. 


Shepard: 3, 6, 9. O. K. O. K. O. K. (calling 
off G- stresses) 

Voice: Coming through loud and clear. 
Shepard: O. K. O. K. 

Voice: . . . CapCom (Capsule Communi- 
cator), your impact will be right on the 
button. 

Shepard: 30,00 feet. 

Voice: CapCom, I can read you now. 
Shepard: Roger, Deke. Loud and clear. 
How me? 25,000. 

Voice: Switching over to G. B. L. 

Shepard: Roger. The drogue green at 
21,000, the periscope is out. Good drogue. 
The drogue is good. Seventy percent auto, 
nine-zero percent manual. Oxygen is still 
O. K. 

Voice: CapCom, can you read? 

Shepard: Thirty-five feet per second. 
Voice: CapCom, can you read? 

Shepard: I read. 

Voice: CapCom, how do you read now? 
Shepard: . . . CapCom, glad to be here 
aboard. I am at 7,000 feet. My condition 
is good. Landing bag green. Descent good. 





rock 
relia 
Voice: Roger. malt 
Shepard: .. . Altitude 4,000 feet. Conci- : 
tion as before. . . . Feels good. Will land to Si 
Voice: CapCom, this is Card File 23. mor 


Shepard: This is . . . Cap Com. 

Voice: This is two-three, over. 

Shepard: . . . Will you please relay. Necd 
information. 

Voice: Freedom VII reports good drogue 

. .. deployed 7,000 feet. . . . : 
Shepard: All O. K. 

Voice: Card File 23 from Freedom VIL 
4,000 feet condition as before. Main chute 
good. Landing bag deployed. Peroxide 
dump. 

Shepard: CapCom, everything AOK. Dye 
marker out. Over. 

Voice: Coming alongside now. 
Shepard: CapCom is alongside . . 
Over. 

Voice: Astronaut now on board. 


- Now 


Redstone—Aft Last 





(Continued from page 17) 


have launched the first American satel- 
lite in 1951. 

It was no use. His proposal to 
launch a man into space at the first pos- 
sible moment was rejected. 

Redstones were to be deployed with 
U.S. troops. But, as far as the space 
race went, Redstone again was sent to 
pasture. 

e@ Last fling—Three years passed. 
Then, on April 12, 1961, Soviet Cosmo- 
naut Yuri Gagarin made his historic] § 
trip around the earth in the world’s first 
manned satellite. The first attempt to 
launch an American in a far smaller 
satellite was still anywhere from eight 
months to a year away. 

Once again the Redstone entered the 
space race. 

By this time Redstone was a pretty] / 
old horse. It had been given some new] / 
modifications for the occasion. But, it 
was still the now-obsolescent missile that 
the Army called “Old Reliable.” 

The Redstone—the 62nd ever to be}| 
launched—was placed on Launching]) 
Pad No. 5 on May 5; a Mercury capsule 
was stuck on top of it; and Cmdr. Alan 
Shepard climbed aboard for his ride 115 
miles up and 302 miles downrange. 

Headlines throughout the world pro- 
claimed the event. The following Mon- 
day Shepard rode in triumph down 
Pennsylvania Avenue. President Ken- 
nedy gave him a medal and a day-long 
celebration was held. : 

It was almost as if the calendar said 
1959 . . . or earlier. 

“Old Reliable” had done what Von 
Braun had said it could do all along 
It was just a little late. t 
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America’s first Astronaut staked his life on the proven reliability of a solid propellant escape 
rocket in his flight to the threshold of space. Dubbed the “‘Little Hero’’ rocket because of its 
reliable performance, the GCR Escape Rocket would have been triggered into action by a booster 

malfunction, and would have carried Commander Alan B. Shepard, Jr. and his space capsule 
Tint {to Safety. The 0.999 operational reliability of GCR’s Escape Rocket has been demonstrated in 
3. more than 60 firings without a failure. 


GRAND CENTRAL ROCKET CO. 


. Need Redlands, California 
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ecia Report 


Experts Warn of Life Support Gap 


by Heather M. David 


LEADING space experts this week 
offered both optimism and pessimism 
for the future of the U.S. space effort. 

Dr. Theodore von Karman, the 
noted aerospace scientist, said the 
United States could close the gap in 
the East-West space race within five to 
eight years “with real work.” He said 
it was a matter of “taking the thing 
seriously.” 

Von Karman particularly stressed 
the possibility of developing an aero- 
space plane and called the Dyna-Soar 
“very important as the best preparation 
for the orbital aircraft.” 


© The new gap—In Washington 
and other parts of the country, several 
top space medicine experts warned that 
the United States not only suffers from 
a booster gap but from a gap in the 
development of space life support sys- 
tems as well. 

The space medicine experts base 
their statements on information gath- 
ered so far on the April 12 flight around 
the earth by Cosmonaut Yuri Gagarin 
in a more-than-five-ton spacecraft. 

They said that if the United States 
had a spacecraft similar in size to 
Gagarin’s Vostok, the life support and 
safety equipment could not be dupli- 
cated at this time. They said they might 
be able to develop such equipment in 
three years. 

The most significant fact about the 
Soviet accomplishment is that although 
Vostok made only one orbit, the cos- 
monaut had oxygen, water and food 
for at least ten days. This seeming 
super-redundancy guaranteed his life if 
his retrorocket or braking system failed, 
since the Soviets figured that orbital 
decay would bring him down within 
that time. As a matter of fact, the last- 
stage rocket came down in six days. 

The life support system for the orbi- 
tal Mercury shot—all stored supplies— 
will last 48 hours. 

The system is described by Pravda 
as a completely regenerative system 
which removed carbon dioxide and lib- 
erated oxygen. Although a number of 
companies are working on similar sys- 
tems in the U.S., none is within a year 
of being flight-ready—and we aren't 
completely sure what weightlessness will 
mean in terms of engineering. 
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6) radio receiver, and 7) food container. 


@ Sea-level atmosphere—Pravda 
claimed that Vostok—and the Sputniks 
—had a sea-level atmosphere with a 
“normal” concentration of oxygen. 

The maintenance of the two-gas 
system necessary to attain anything near 
sea-level pressure shows a technology 
of which the U.S. is not presently cap- 
able. And we must assume considerable 
sophistication in the sensing equipment 
which they described as “adjusting itself 
automatically if excessive oxygen is 
liberated.” 

U.S. plans for existing projects call 
for atmospheres of % to under % sea- 
level pressure with 100% oxygen. This 
provides the adequate partial pressure 
to support human respiration. However, 
we can’t be sure a man can operate at 
maximum effectiveness in this unnatural 
atmosphere over a period of time. All 
experts agree that the way to get best 
performance is to give the astronaut 
conditions matching as closely as pos- 
sible those to which he is accustomed. 

e Air-conditioning—The Soviets 
described the cabin air-conditioning as 
an extremely accurate system utilizing 
a liquid cooling agent. The cooling 
agent flows from the thermoregulating 
system into a liquid pneumatic radiator. 
Air flow through the radiator is con- 
trolled automatically. The Russians also 


Vostok: Interior View 


GAGARIN'S CABIN held 1) pilot's control panel, 2) instrument panel with globe, 
3) television camera, 4) porthole with optical orientation instruments, 5) steering handle, 















said they used a solar heat exchange 
situated at the outside surface of th 
apparatus compartment to maintai 
stable temperature in the cooling agent 

e Medical monitoring—With th 
experience and testing accumulated i 
three years of biomedical flights, th 
Soviets have reached a level of tech 
nology in bioinstrumentation which als¢ 
far surpasses any U.S. effort, many) 
experts are saying. Gagarin’s pulse 
respiration, electrocardiogram (EKG) 
muscle tonus, electroencephalogra 
(EEG), and the force of his heartbeat 
(by a ballistocardiograph) were tele 
metered to the ground. 

The U.S. does not have a flight- 
worthy electroencephalograph, ballistoj 
cardiograph or blood-pressure sensor, 
These measurements may be very sig 
nificant in terms of learning of mental 
deviation and of how vigorously the 
heart and circulatory system is perform; 
ing in longer periods of weightlessness; 
This has a bearing on his readaptability 
to a normal g environment and hi 
ability to withstand re-entry. 

Two slow-scan television cameraq 
monitored Gagarin’s facial expression: 
from side and front, certainly an advan 
tageous feature. Weight requirement 
preclude use of TV in U.S. vehicles. 
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Life support system for the American astronaut... 


this vital contribution to the success of the National Aeronautics and Space Administration’s 
first Project Mercury sub-orbital manned space flight represents a new concept in environmental systems 
simulating the pressure, temperature and other physiological conditions found on earth. 
This important achievement is but one more example of Garrett’s proven capability in the design and 


production of major systems and components for high altitude flight and space exploration. 


THE GARRETT CORPORATION « AiResearch Manufacturing Divisions « Los Angeles 45 
California « Phoenix, Arizona « other divisions and subsidiaries: Airsupply-Aero Engineering 
AiResearch Aviation Service « Garrett Supply « Air Cruisers « AiResearch industrial « Garrett 


Manufacturing Limited « Marwede!l « Garrett International S.A. + Garrett (Japan) Limited 
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——products and processes 





Transistorized Sensitive Relay 


and liquid level probes. 

The advantage of the transistorized 
relay is that it needs no time for 
warm-up as with vacuum tube relay 
amplifiers. The transistorized relay is 
rated at 10 amps, 300 volts, a-c; it has 
double pole, double throw contacts. 


A transistorized sensitive relay with 
high impedance input for stop motion, 
inspection, sorting, and positioning of 
machinery is available from General 
Electric's General Purpose Control De- 
partment. The relay can be used in con- 
junction with photocells, thermistors 

Circle Ne. 225 on Subscriber Service Card 


“piggy-back” capability for environ- 
mental testing. 

The basic shaker needs no accesso- 
ries for piggy-back application and fea- 
tures Ling’s closed-loop cooling system 


for field and armature structures. 


Gain-Loss Instrument 


The Gain Set Model 625-A, an in- 
strument for measuring gain, loss, noise 
figures and other transmission charac- 
teristics of both systems and compon- 
ents in the UHF, VHF and microwave Armature weighs only 49.5 Ibs., with 
frequencies is being marketed by Kay coolant, providing for larger payloads. 
Electric Co. : 

Completely self-contained, the Gain 
Set incorporates mixing, I-F amplifying, ———_ 
attenuating, detecting and indicating 
elements, as well as the associated 
power supply and control circiuts re- 
quired in an integrated measuring sys- 
tem. Aside from providing all of these 
features, the Gain Set has low noise 
figure and is highly stable. 
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Electrodynamic Shaker 


Ling Electronics Division of Ling- 
Temco Electronics, Inc., is marketing 
electrodynamic shaker, Model 300, with 
5,000 Ib. force rating and built-in 
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Maximum load for 10 g vector is 450 
pounds, for 20 g vector 200 pounds 
Maximum acceleration is 100 g’s. Fre- 
quency range is 5 to 3,000 cps. Low 
voltage requirements of armature make 
Model 300 ideal for evacuated chamber 
applications. 
Circle No. 227 on Subscriber Service Card 


Pitot-Static Tube 


Highly accurate static pressure for 
both subsonic and supersonic flight is 
provided from a single pair of static 
pressure ports in a pitot-static tube de- 
veloped by Rosemount Engineering Co 

The aerodynamically compensated 
pitot-static tube eliminates the necessity 
for separate subsonic and supersonic 
pressure inputs to instruments. It also 
avoids the need for the large computed 
correction which was required with all 
previously available pitot-static tubes 
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All Purpose Choke Series 
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A general purpose line of coil wound 
chokes, Series 2952, for both civilian) 
and military applications, is available} 
from Cambridge Thermionic Corp. 

The six chokes in this series range 
in fixed inductances from 1 millihenry 
to 1000 millihenries. They have excel- 
lent self resonant frequency and a 
carrying capacity. Commercial applica 
tions embrace industrial uses such as 
instruments and control equipment 
They are also employed in a wide 
variety of military applications where 
high quality is desired, but environmen- 
tal stresses are of a moderate nature 
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Tape Reader 


Data Stor Division, Cook Electric 
Co., is marketing its Model 90 Photo- 
electric Tape Reader which provides a 


total punched tape capacity of approxi-]/ 


mately 500,000 bits of information 

This photoelectric tape reader is 
suitable for “on-line” service in com- 
puter, communication and control ap- 
plications. Data, in the form of coded 
hole sets, are photoelectrically read 
from pre-punched tape and transformed 
to electrical output pulses. 
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CT Water Circulator 


A constant temperature recirculating 
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unit for close temperature control of 
distilled water has been developed by 
Mayer Refrigerating Engineers. 

Model J-2S is designed to store up 
to 10 gallons of distilled water and to 
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deliver it at controlled flow rates to 
10 gpm at 80°F +3°. 

Rated capacity of the unit is 750 
btu per hour at 80°F. It combines both 
heating and cooling elements and has 
an operating range from 0°F to 95°F. 
Temperature can be controlled within 
+0.75°F. 
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Low-Input Amplifier 


Rustrak Instrument Co. is marketing 
a 114 Amplifier designed to operate 
with Rustrak recorders. It is suited 
for the output of low-voltage thermo- 
couples: photoelectric devices; and other 
transducers with outputs in the low 
millivolts. 

The input impedance is 100,000 and 
the gain is continuously variable so 
that inputs from 9 to over 45 milli- 
volts will produce full-scale deflection 
on a standard Rustrak 1 MA recorder. 
Because of the high impedance input, 
cold junctions of thermocouples can be 
almost disregarded. The thermocouple 
can therefore be located at considerable 
distance from the amplifier and recorder 
without degradation. 

Circle No. 232 on Subscriber Service Card 





wound 
civilian 
vailable 
p. 


lihenry 
excel- 
current 


pplica-+ 


uch as 


pment 
1 wide 
where 
ynmen- 
ture. 


ard 


Slectric 
Photo- 
vides a 
pproxi- 
on. 

der is 
1 com- 
rol ap- 
coded 
y read 
formed 


ulating 
trol of 
ped by 


Tunable Ferrite Isolator 


Technical Research Group, Inc. is 


. range|marketing a tunable ferrite isolator for 


A, V, and E bands. An F band is under 
development. 

The FERIMAT operates over the 
full waveguide frequency range, doing 





the work of half dozen or more fixed 
tuned isolators. Typical performance 
tatings for A, V, and E bands are 
VSWR 1.25 max.; isolation 20 db mini- 
mum; loss, 1.5 db max. 
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Flame-Retardant Epoxy 


A flame-retardant epoxy resin for 
hot-melt castings and dry lay-up lami- 
nating systems is available from Union 
Carbide Plastics Co. 

Combined with aromatic amine or 
anhydride hardeners, the epoxy, desig- 
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MATHEMATICIANS - LIFE SCIENTISTS—BS, MS, PhD 


REPUBLIC DEDICATES S14 MILLION 
PAUL MOORE RESEARCH & DEVELOPMENT CENTER 


TO ADVANCE 


SPACE EXPLORATION 


AND UPPER 


ATMOSPHERE 


FLIGHT 





New Staff Appointments 


IN EIGHT LABORATORIES 


SPACE ENVIRONMENT & LIFE SCIENCES / RE-ENTRY SIMULATION / 
FLUID SYSTEMS / GUIDANCE & CONTROL SYSTEMS / MATERIALS 
DEVELOPMENT / ELECTRONICS / WIND TUNNEL / NUCLEAR RADIATION 


Here, you will find the most sophisticated equipment available, including: 
SPACE CHAMBER (14 x 30’) simulating conditions at more than 150 miles 


above the earth; HYPERSONIC WIND TUNNEI 


for speeds to Mach 14; 


ARC JET for studying materials at up to 27,000F; SHOCK TUNNEL develop- 
ing Mach 20 velocities; HYDROGEN GUN firing projectiles (or models) at 
speeds to 26,000 mph; 40° ANECHOIC CHAMBER; CO® HOT CELL 


Senior & Intermediate Level Positions In These Areas: 


STRUCTURAL ANALYSIS: thermal 
protection systems for re-entry vehicles. 


STRUCTURAL THEORY: advanced 
problems in thermal & mechanical stresses 
of plate & shell structures, elastic and 
inelastic regimes. 


STRUCTURAL CONFIGURATION 
RESEARCH: design problems of very 
large and/or lightly loaded structures; 
also heavily loaded vehicles. 


STRUCTURAL DYNAMICS: prelimin- 
ary design calculations of loads, stresses, 
deflections of structural components (air- 
craft, missiles, boosters, space vehicles) 


THEORETICAL AERODYNAMICS 

& AEROPHYSICS: original work sup- 
porting design and laboratory project ex- 
periments re: hypersonic re-entry vehicles; 
supersonic craft. 


AERODYNAMIC PROJECT 
DIRECTION: studies & appraisals of pre- 
liminary aerodynamic designs for diverse 
flight regimes, including drag analysis, 
configuration optimization, performance 
& trajectory analysis. 
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AERODYNAMIC ANALYSIS 
& SYNTHESIS: for both powered & bal- 
listic trajectories. 


MATERIALS DEVELOPMENT: refrac- 
tory coatings on refractory metals, & re- 
fractory compounds, cermets, intermetallic 
compounds. Initiation of investigations to 
meet new requirements 
EXPERIMENTAL CRYOGENICS: 
establishment & supervision of cryogenics 
laboratory responsible for varied investi- 
gations including developing environment- 
al control systems for spacecraft 


GUIDANCE & CONTROL SYSTEMS: 
novel components & system development; 
thin film devices; circuitry; optical & IR 
systems & tracking devices 


ELECTROMAGNETIC RESEARCH 


BIOCHEMICAL DETERMINATIONS 
on men and plant systems 


MICROWAVE ANTENNA RESEARCH 


OPERATIONS ANALYSIS 


For detailed information about assignments in the above and other areas please write 
in confidence to: Mr. George R. Hickman, Technical Employment Manager, Dept. 4E-3 


: t ry = 


oe, 6 


 & fe . 


AVIATION CORPORATION 


FARMINGDALE 


LONG ISLAND NEW YORK 


(All qualified applicants will receive consideration 
for employment without regard to race, creed, color, or national origin.) 
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ENGINEERS ¢ SCIENTISTS 


THINKING AHEAD 


«++ to the Command and Control System 
Requirements of the ’70’s 


This is one of the responsibilities of The MITRE 
Corporation. MITRE, an independent system engineering 
organization, is engaged in the design, development and 
evaluatién of the Command and Control Systems for the 
future. As Technical Advisor to the Air Force Electronics 
Systems Division, MITRE’s tasks are: 


to provide technical advice and system engineering 
support for the development of command and 
control systems for the Aerospace Defense 
Environment of this decade. 


. to assist in the formulation of the new system 
requirements of the '70’s and beyond. As part of 
its work activity, MITRE has a comprehensive 
program of analytical studies relating to antici- 
pated threats and countermeasures to meet them 
in such critical areas as: 


Advanced ICBM Defense 
Satellite Interceptors 
Advanced Strategic Delivery Systems 
Ferret and Intelligence Processing Systems 
Survivability Techniques 


These broad technical objectives offer exceptional 
opportunities for well-trained engineers and scientists. 


Openings are also available at MITRE's facilities 
in Montgomery, Alabama and Fort Walton Beach, Florida 


Inquiries may be directed in confidence to 
Vice Presipent — TECHNICAL OPERATIONS 


THE 


MITRE 


CORPORATION 








Post Office Box 208, 12-\WH, Bedford, Massachusetts 


A brochure more fully describing MITRE 
and its activities is available upon request. 
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chemical resistance properties similar to 


those of conventional diglycidy! ether o/ 
bisphenol-A epoxies. Anhydride hard- 
eners give the best high-temperature 
stability. The resin readily passes the 
ASTM D-635, 30-second ignition flam- 
mability test. 
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new literature 





SEMICONDUCTOR GUIDE—A 
Semiconductor Selector Guide which in- 
cludes technical data on 43 devices for 
military applications is available from 
Sylvania Electric Products Inc. The 
16-page brochure lists the mechanical 
construction and electrical ratings of 
“every transistor, diode, rectifier, and 
microwave diode in the company’s 500- 
type semiconductor line.” The military 
units consist of germanium alloy and 
mesa transistors, microwave diodes, and 
point contact, gold-bonded, silicon- 
bonded and silicon junction diodes 
which meet the specifications of 
MIL-E-1, MIL-S-19500, MIL-T-19500, 
and other USAF, USN and JAN ratings 

Circle No. 200 on Subscriber Service Card 


CARBON AND GRAPHITE—Car- 
bon and Graphite for High Temperature 
Applications, a technical bulletin, has 
been published by Speer Carbon Co. It 
describes the unusual properties and the 
more important and interesting qualities 
of the various grades of carbon and 
graphite. It reviews their application in 
machining molds, dies, crucibles, sinter- 
ing boats and other items that require 
resistance at high temperatures. 
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ELECTRO-MECHANICAL — The 
Sterling Instrument Division of Designa- 
tronics, Inc. has published a catalog de- 
scribing its complete line of over 20,000 
stock items. It is divided into sixty- 
seven product categories including speed 
reducers, magnetic clutches and brakes, 
differentials, electronic hardware, teflon 
terminals and limit stops. Within each 
category, part numbers, OEM list 
prices, specifications, and test reports 
useful in design and prototype work are 
presented. 

Circle No. 202 on Subscriber Service Cord 


MODULES—A 12-page catalog on 
Computer Control Company’s one-meg- 
acycle, T-PAC plug-in digital modules 
has been published. The catalog in- 
cludes all of the latest specifications and 
the most recently announced T-PACs 
and auxiliary equipment. The new 
WL-10 Word Memories, TP-12 BLOC 
Power Supplies, RP-10 Rack Power 
Supplies and other recent additions to 
the T-PAC family are described. 

Circle No. 203 on Subscriber Service Card 
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—names in the news 








SHELDON 


R. L. Johnson: Chief engineer for 
Douglas Aircraft Co., announces estab- 
lishment of separate technical organiza- 
tions—one for space and one for missiles 
—within the missiles and space systems 
engineering department. M. W. Hunter 
appointed deputy chief engineer-space, and 
G. V. Butler assistant chief engineer-space. 
C. S. Perry appointed deputy chief engi- 
neer-missiles, and A. J. Carah assistant 
chief engineer-missiles. 


Dr. Walter Chestnut: Named director 
of newly-formed Space Physics Division 
of G. C. Dewey and Co., Inc., New York 
City. The Division will continue work in 
nuclear energy and fusion research and 
will specialize in space physics, plasma 
physics and space environment research. 


Walter E. Landauer joins Dewey Corp. as r 
senior associate in charge of its electronics 


laboratory. Prior to joining Dewey, 
Landauer was head of a group engaged in 
ground-data handling for space satellite 
systems at Airborne Instruments Labora- 
tory, a division of Cutler-Hammer. 


William B. Harris: Formerly director 
of the Division of Environmental Sciences 
of the Atomic Energy Commission's 
Health and Safety Laboratory, has left the 
laboratory to become a consultant in en- 
vironmental health, specializing in prob- 
lems involving the control of beryllium 
dust. 


Donald G. Fink: Appointed vice pres- 
ident for research of Philco Corp., Phila- 
delphia. Previously Fink served as director 
of research and general manager of the 
Research Division. 


James M. Jans: Former assistant chief 
engineer, promoted to chief engineer of 
Allied Chemical’s General Chemical Di- 
vision, Camden, N.J. Appointees to newly- 
created positions on the staff are: Robert 
G. Bierbower, manager of engineering ad- 
ministration; John L. Ciba, manager of 
design engineering; Charles W. Gaylord, 
manager of process engineering; and James 
Jaffe, manager of process engineering. 


Dr. Zachary D. Sheldon: Former man- 
ager, Advanced Materials Development, 
General Engineering Laboratory, General 
Electric Co., joins the Carborundum Co. 
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FLANAGAN 


WELKOWITZ 


as associate director of the Research and 
Development Division. 


W. J. Flamagan: Appointed materiel 
manager of the Glendale Branch of Libra- 
scope Division, General Precision, Inc. Be- 


fore joining Librascope, Flanagan was 
general manager of Pacific Automation 
Products. 


Dr. Walter Welkowitz: Named general 
manager of the Instrumentation Division 
of Gulton Industries, Inc., Metuchen, N.J., 
succeeding Robert G. Day, recently ap- 
pointed to head the company’s expanded 
activities in electro-optical-scanning sys- 
tems. Dr. Welkowitz will continue to man- 
age operations of Gulton’s R&D Lab. 


ROSS BERINATI 


Dr. Bernd Ross: Developer of the 
world’s first commercial silicon solar cell, 
rejoins Semiconductor Division of Hoff- 
man Electronics Corp., El Monte, Calif., 
as manager of the solar development sec- 
tion and assistant technical director. 


Dr. Vincent Berinati: Flight systems 
designer, named technical assistant to the 
director of Aerospace Corp., Washington, 
D.C. Dr. Berinati previously has worked 
for the Advance Research Projects Agency 
as a member of the Institute for Defense 
Analyses. At the Institute, he was assistant 
head of the space branch dealing with 
communication and navigation satellites as 
well as re-entry systems. 





ECONOTAPE CONTACTS ARE MOST 
EFFICIENT FOR ELECTRICAL RELAYS 


High reliability welded contacts and contact assemblies 
available for your relays. Weld strength guaranteed. « 
Overall contact height held within + .00025. Assem- 
blies are available in gold, platinum, palladium, silver 
and their various alloys—both solid and laminated. 
Single contact usable for various contact ratings, for 
wet and dry circuitry—assemblies protected for shelf 
life and handling. Designs for attachment to header 
by welding or brazing. Complete electrical and me- 
chanical design services available. 
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—tontracts 


NASA 


$2,500,000——-MeDonnell Aircraft Corp., letter 
contract for six Mark II Project Mercury 
spacecraft 

Astronautics Division of Chance Vought, Dal- 
las, for development and fabrication of 
seamless elbows for the fuel system of the 
Saturn rocket. No amount disclosed. 


Northrop Corp., Norair Div. Hawthorne, 
Calif.. from Lewis Research Center for a 
study of behavior of liquids in sero 
gravity. No amount disclosed 


NAVY 


$33,400,000—Sperry Gyroscope 
Neck, N.Y., from BuWeps, 
missile guidance radar systems 
the Terrier missile program. 


$27,130,000—-Westinghouse Electric Corp., 
Pittsburgh, for nuctear reactor compon- 
ents for fleet ballistic missile submarines. 


$26,639,600-General Electric Co. Machinery 
Apparatus Operation, Schenectady, for de- 
sign and furnishing of five sete of all 
components which comprise various sys- 
tems, except nuclear reactor. 


$1,438,000—Alpha Corp. of Texas, Richardson, 
for design of an electronic system for 
guided missile frigate. 


$889,283—Servonics, Incorporated, Alexandria, 
Va., for AN/SPS-T2A radar simulators. 


$756,000—-Electric Boat Div., General Dy- 
namics, Groton, Conn., for design of an 
electronic system for nuclear-powered 
submarine. 


$320,000—Electrosolids Corp., Van Nuys, 
Calif., from BuShips, for design and pro- 
duction of static inverters for Polaris 
submarines. 


$153,700—-Ryan Aeronautical Co., San Diego, 
for furnishing 13 man-months of factory- 
trained @-2C field service engineers to 
each of three naval activities. 


$112,348—Textron, Inc., Dalmo Victor Co., 
Div., Belmont, Calif., for AN/PQS-1 sonar 
detecting set. 


Co., Great 
for automatic 
used in 


ARMY 


$4,589,001—Aecrojet-General Corp., Covina, 
Callf., for construction of a Saturn static 
test facility at Redstone Arsenal. 


$3,800,000—General Electric Co., Burlington, 
Vt., from Boston Ordnance District, for 
20 mm Vulcan guns. 


$1,964,590—Stanford Research Institute, Menlo 
Park, Calif., for 3-year research and evalu- 
ation simulating effects of ionospheric 
variations on military high-frequency 
communications systems. Work to be done 
in Alaska, Thule, Greenland and Menlo 
Park. 


$1,048,004—B-E-C-K Constructors, Seattle, for 
tropospheric communications facility at 
Barter Island AFS, Alaska. 


$1,005,800—Ghemm Co., Inc., Anchorage, 
Alaska, for tropospheric communications 
facility, Ft. Yukon. 


$898,806—General Instrument Corp., Newark, 
N.J., for AN/AMT-6C radiosonde set. 


$500,000—-U.8. Steel Corp., Los Angeies, for 
rocket motor parts. 


$441,256—Valley Construction Co., Columbus, 
Miss., for construction of SAC guided air 
missile facility at Turner AFB. 


$404,714—Nor-Pac Corp., Grand Forks, N.D., 
for construction of SAC missile facility, 
Elisworth AFB. 


$358,960—Altermatt and Frederick, Inc., No- 
vato, Calif., for plug valves with auxiliary 
equipment for Titen // missile launch 
facilities. 
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$308,675—-Hendrick Construction Co., Inc., 
Richmond, Va., for construction of FD 
radar facilities, Manassas AFS. 


$292,649—Sperry Rand Corp., Salt Lake City, 
for repair parts and ground handling and 
test equipment for the Sergeant guided 
missile system. (Four contracts.) 


$216,000—Erbentraut & Summers, San Fran- 
cisco, for Nike-Hercules, improved with 
Hipar, at Travis APB Defense Area. 


$188,426—Annin Co., Div. of Worthington 
Corp., Montebello, Calif... for butterfly 
valves with auxiliary equipment for Titen 
missile launch facilities. 


$181,245—Healy Tibbitts Construction Co. 
and Granite Construction Co., San Fran- 
cisco, for Nike-Hercules, improved with 
Hipar, at Travis APB Defense Area. 


$246,000—Canoro & ——- Pairbanks, Alaska, 
for radar tower, Bethel AFS. 


$137,376—Douglas Aircraft Co., Santa Monica, 
for field change kits and repair parts for 
Nike-Ajaz, Hercules. 


$128,602—Raytheon Co., Waltham, Mass., for 
replenishment spare parte for the Hawk 
missile system. 


AIR FORCE 


$35,800,000—Philco Corp., Philadelphia, for 
continued development of command and 
control subsystems for space and satellite 
programs. 


$7,000,000—Special Systems Div., Minneapolis- 
Honeywell from GD/Astronautics, for 
ground support equipment for the Atlas 
missile “P’’ series. 


$750,000—United ElectroDynamics Inc., Pasa- 
dena, Calif., from Boeing’s Aerospace Div., 
for Minuteman telemetry systems and 
ground support equipment. 


$407,055——-The Magnavox Co., Ft. Wayne, Ind., 
for radio set AN/ARC-34, spare parts, 
aerospace ground equipment and data. 


$396,000—-Univ. of Texas, Austin, for research 
and reporte on effects of ionizing radia- 
tion on biological, physiological and psy- 
chological functions of various species. 


$365,328—Instrument Corp. of Fla. Mel- 
bourne, for mobile ballistic camera system. 


$306,366—Dynatronics, Inc., Orlando, Fia., for 
modification of TLM-18 antenna system. 


$250,000—Kin Tel Div. of Cohu Electronics, 
Inc., San Diego, for television systems for 
Titan operational silo missiles at Vanden- 
berg AFB. 


$215,000—Ramo-Wooldridge Div. of Thomp- 
son Ramo Wooldridge, Inc., Canoga Park, 
Calif.. add-on for automatic data proc- 
essing system test facility. 


$108,336—Pneumo Dynamics Corp., Instru- 
mentation & Control Div., Grand Rapids, 
Mich., for rate gyro transmitters, spare 
parts, aerospace ground equipment and 
related data. 


$100,000—Telecomputing Corp., Power Sources 
Div., Denver, from North American's Auto- 
netics Div., for further development of 
batteries used with Minuteman inertial 
guidance and flight control systems. 


DEPT. OF DEFENSE 


$5,500,000—From the Defense Atomic Support 
agency for the design and development of 
an interservice Assessment Cen- 





reviews 


PRINCIPLES OF INERTIAL NAVIGATION, C. | 
Savont, Jr., R. C. Howard, C. B. Solloway an 
Cc. A. Savant, McGraw-Hill Book Co., Inc., Ne 
York, 254 pp., $9.75. 

This book is for the design enginee: 
working on inertial navigation problem: 
The authors were handicapped because 
much of the literature in the field is class:- 
fied; but even under this limitation, the 
book covers basic principles adequately-- 
even if in some instances irregularly. By 
this we mean that in the same discussion 
that some general technical principles are 
covered, there sometimes appear trivia, 
such as the weights and volumes of some 
of the black boxes—for example, “The 
electronic equipment assembly includes 10 
modular-type plug-in chassis which to- 
gether occupy a volume of 1800 cu. in.,” 
and so on. 

For a reader who can overlook these 
occasional lapses, the book is recom- 
mended. It covers three areas: first, the 
basic concepts of navigation and the ele- 
ments required for automatic navigation 
(for readers with not too much specific 
knowledge in this area); second, for design 
engineers, the auto-navigation components 
and computers, platform controllers, 
ground alinement and pre-flight testing; 
third, the theoretical basis of the subject 


THE MILKY WAY GALAXY—Man’s Exploration of 
the Stars, Ben Bova, Holt, Rinehort and 
Winston, Inc., New York, 229 pp., $5. 

The author is a journalist who was 
trained on Vanguard and later went on to 
Technical Operations, Inc. Hence he com- 
bines literary ability to present his subject 
clearly with technical understanding. 

The book is indeed for the lay reader, 
and not designed to interest anyone else. 
It gives some of the lore of astronomy and 
summarizes some of the more popular 
concepts of the creation and characteristics 
of the universe. 


MODERN FLIGHT DYNAMICS, W. Richard Kolk, 
Prentice-Hall, inc., Englewood Cliffs, N.J., 288 
pp., $10. 

Here is a highly recommended book 
for the aeronautical and missile engineer 
working on dynamic stability problems. 
The presentation is straightforward, prac- 
tical and presented in the classical way— 
the author being a systems engineer at 
United Aircraft Corp.—that first appeared 
and was developed by the old NACA. 

Kolk begins with a treatment of New- 
ton’s Second Law and Lagrange’s Equa- 
tion as alternative ways of formulating the 
equations of motion. Then he introduces 
direction cosines and Eulerian angles for 
the purpose of orientation reference. These 
two introductory techniques are the tools 
with which he then analyzes the dynamics 
of flight vehicles. 

In dealing with aerodynamic quantities, 
the author does not reduce the equations 
of motion to non-dimensional terms, as is 
usually done. Instead, he treats all motions 
as true ones and seconds as constant 
quantities—not varying with speed, alti- 
tude and wing loading. 
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when and where 


MAY 


Institute of Radio Engineers, Professional 
Group on Microwave Theory and 
Techniques, National Symposium, 
Sheraton Park Hotel, Washington, 
D.C., May 15-17. 

Society of Aeronautical Weight Engineers, 
National Conference, Sheraton Hotel, 
Akron, Ohio, May 15-18. 

ARS National Telemetering Conference, 
Sheraton Towers Hotel, Chicago, May 

2-24. 

Fifth Global Communication Symposium 
(Globecom V) and National Telemeter- 
ing Conference, sponsored by Ameri- 
can Institute of Electrical Engineers, 
Institute of Radio Engineers, Institute 
of the Aerospace Science and Instru- 
ment Society of America, Sherman 
Hotel, Chicago, May 22-24. 

Design Engineering Show, Cobo Hall, De- 
troit, May 22-25. 

Society of Automotive Engineers, Military 
Ground Support Equipment Commit- 
tee, Continental Hilton Hotel, Mexico 
City, Mexico, May 23-25. 

Operations Research Society of America, 
Ninth Annual Meeting, Sheraton- 
Blackstone Hotel, Chicago, May 25-26. 

First National Conference on Peaceful 
Uses of Space, sponsored by National 
Aeronautics and Space Administration 
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and the Tulsa Chamber of Commerce, 
Tulsa State Fairgrounds, Tulsa, Okla., 
May 26-27. 

Chemical Institute of Canada, Forty- 
fourth Annual Meeting, Ottawa, Can- 
ada, May 29-31. 

7th Annual Radar Symposium (SECRET), 
University of Michigan, Institute of 
Science and Technology, Ann Arbor, 
May 31-June 2. 


JUNE 


National Machine Tool Builders’ Associa- 
tion, 59th Spring Meeting, Mayflower 
Hotel, Washington, D.C., June 1. 

American Society for Quality Control, 
Annual Convention, Sheraton Hotel, 
Philadelphia, June 5-7. 

International Instrument Automation Con- 
ference and Exhibit, Instrument So- 
ciety of America, Royal York Hotel, 
Toronto, Canada, June 5-8. 

National Electrical Manufacturers Associa- 
tion, Western Conference, Biltmore 
Hotel, Los Angeles, June 8-9. 

Manufacturing Chemists Association, 89th 
Annual Meeting, The Greenbrier, White 
Sulphur Springs, W.Va., June 8-10. 

European Federation of Chemical Engi- 
neering, Thirtieth Meeting, Frankfurt- 
am-Main, Germany, June 9-17. 


How To Get Things Done 
Better And Faster 





BOARDMASTER VISUAL CONTROL 


vy Gives Graphic Picture—Saves Time, Saves 
Money, Prevents Errors 

vy Simple to operate—Type or Write on 
Cards, Snap in Grooves 

vy Ideal for Production, Traffic, 
Scheduling, Sales, Etc. 

yy Made of Metal. Compact and Attractive. 
Over 500,000 in use 


Full price $4950 with cards 
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Like It Comes Up A Seven 


HANK GOD, he made it. 

Cmdr. Shepherd's demonstration of personal 
courage and devotion to country lifts the hearts of 
all Americans. His modest, realistic appraisal of his 
achievement makes all of us proud of him. 

All those in the missile/space industry who took 
part in the program can feel a genuine sense of 
achievement at the technical advances which con- 
tributed to the success of the suborbital Mercury 
flight. And the blaze of publicity in which the flight 
was carried out stands in shining contrast to the 
secrecy which shrouded the Russian shot. 

The Administration and the public relations offi- 
cers of NASA have scored a tremendous propaganda 
triumph as a result of the open stage on which 
Shepherd's flight took place. As a result of this, 
many people throughout the world feel we have 
caught up with the Russians in the space race. The 
tremendous gamble which was taken paid off. No 
one is more delighted than we are. 

But the fact that it succeeded doesn’t mean it 
was right. 

We are reminded of the man who goes into the 
Las Vegas gambling hall, puts all his money on No. 7 
and wins. “Look,” he shouts, “I won. I knew exactly 
what I was doing.” 

It is faulty logic. His chances of winning were 
extremely small. And if he bets all his money on No. 
7 again, he is quite likely in for a rude awakening. 

The President, in fact, has acknowledged the risk 
taken. At his May 5 press conference, he stated: 
“I agree that if it had failed, having had some experi- 
ence with that, it would be a very difficult time for 
NASA and for us all. But fortunately, it succeeded.” 

Fortunately. 

The President went on to imply that the Adminis- 
tration had not tried to build up the shot but had 
merely responded to pressure from the press. 

With all due respect, we've been in this business 


too long to buy that. When open invitations are sent 
to the Hill, when unembargoed press kits are dis- 
tributed many days in advance, when TV networks 
are given the run of the Cape days in advance, when 
contractor parties are not discouraged, when the 
press is polled weeks ahead of time on its require- 
ments—that’s a buildup, Mr. President. 

Mr. Kennedy went on to state that “our failures 
are going to be publicized as well as our successes 
and there isn’t anything that anyone can do about 
it or should.” 


ESPECTFULLY, we also must take issue with 

that. Something can be done about it. It can be 
done by preventing the tremendous advance pub- 
licity buildup which would have made the Mercury 
shot such a worldwide propaganda defeat if it had 
ended in flaming disaster on the Canaveral pad. 

Our failures and successes must be fully reported. 
But let us do away with the advance drum-beating 
which can magnify the failures. In many years of 
covering the aviation and missile/space industries, 
we have attended many first flights and missile shots 
under an embargo on advance copy. 

Many responsible reporters at the Cape felt this 
procedure could, and should, have been followed on 
the suborbital Mercury shot. 

We are among those who in the past have urged 
the Administration to gamble some money on un- 
proved projects which have a chance of paying off. 
But in this case, the worldwide prestige of the United 
States was needlessly gambled on the Mercury shot. 
The stakes were too high, the risk to great. Let us 
emphasize the word again: NEEDLESSLY. 

Nothing succeeds like success. But we hope the 
success won't prevent a careful evaluation of the 
terrible risk we ran. 


William J. Coughlin 
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When Decisions Depend on Millions of Variables 


The first five minutes of an attack on the North American continent would require the swift response of widely deployed 
forces. Millions of informational inputs would be automatically channeled into various command headquarters. The 
assimilation and use of this information for decision and control would depend on vast systems which provide automated 
information processing assistance to military and governmental leaders. ® Acting in the public interest, we at System 
Development Corporation have helped create this new information technology. m In developing these systems, we are 
specifically concerned with the analysis and synthesis of these systems, training men in their use, the instruction of the 
great computers on which the systems are based — and research into future generations of these systems. g@ The SAGE 
air defense system is one example involving extensive SDC effort. The new SAC Control System, now in development, 
is another. Two other extremely large systems are in their initial stages. @ Our approach to these systems projects is inter- 
disciplinary, spanning Operations Research, Engineering, Human Factors and Computer Programming. To staff our rapidly 

panding programs in Santa Monica, Calif., Lexington, Mass., Washington, D. C., and Paramus, N. J., we are seeking 

ientists and engineers in all these fields. Address Mr. R. W. Frost, 2433 Colorado Avenue, Santa Monica, California. 


YSTEM DEVELOPMENT CORPORATION 


Systems that help men make decisions and exert control 
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HOW THE WORD GETS AROUND... Probiem: Buiia a 


4,000-mile military communications network for 15 NATO countries. Bounce microwave messages off the 
troposphere, hurdle mountain ranges, reach over the curvature of the earth to span a continent from the 
Arctic Circle to Turkey. Tall order! But NATO is doing it, with Project Ace High: an international forward- 


scatter communications system. 


The first link in Ace High, a four-station sys- 
tem called Hot Line, was installed in Norway 
in 1958. Varian’s VA-800C amplifier klystrons are 
the heart of the system. Tube life to date is 
averaging over 5,000 hours. What's more, the 
average improves every day; two-thirds of the 
tubes are still operational. In fact, two tubes 
are over 13,000 hours. 


Do you require such exemplary tube perform- 
ance? Technical data? Just write Tube Division. 
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VARIAN associates 
'}) PALO ALTO 10, CALIFORNIA 


BOMAC LABORATORIES, INC. 

VARIAN ASSOCIATES OF CANADA, LTD. 
S-F-D LABORATORIES, INC. 

SEMICON ASSOCIATES, INC. 

SEMICON OF CALIFORNIA, INC. 
VARIAN A.G. (SWITZERLAND) 
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